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PREFATORY NOTE, 



^HIS Bulletin contains two reports from the pen ot Mr. 
C. F. Y. Jackson, the first on the Geological Features aad 
Auriferous Deposits of Mount Morgans, in the Mount 
Miargaret Goldfield, and the second upon the Geology and Ore 
Deposits of Mulgabhie, in the North Coolgardie Goldfield. 

That portion of the Mount Morgans Field described bj 
Ifr. Jackson comprises an area of about 30 square miles. There 
tie very strong grounds for belieTing that the district embraces 
the north-western extension of that belt of auriferous rocks which 
indades Edjudina and Yundamindera, a description of which is 
given in a former Bulletin, No. 11. 

The staple formation of Iftount Morgans comprises a complex 
of basic and acidic rocks of the geological age of which the district 
affords no direct evidence, though in all probability it forms part 
of the same series as that so largely developed in other portions of 
the £astern Goldfields, and iu variably assumed to be ArchsBan. 
The ubiquitous cover of superficial deposits rendered geological 
mapping somewhat difficult, but, as far as possible, the different 
rock masses and associated ore deposits have been followed and 
delineated upon the plan with which the report is accompanied. 

The basic rocks, the " greenstones," are essentially hornhlendic, 
and although they present many varieties, have all been distin- 
guished by one single colour and symbol on the Geological Map. 
Some of the basic rocks have been converted into schists, which are 
chiefly developed along the junction between the former and the 
acidic rocks. 

The acidic rocks, which occupy the greater portion of the area 
to the east of what may be called the Mount Morgans ridge, appear 
principally to be quartz and felspar- porphyries, which from the 
evidence accumulated seem to be intrusive into the gre^stones. 



Portions of the porphyries have been subject to mechanical defor- 
mation, and converted into rocks which may for convenience be 
best described by the term granitic schists. 

The exigencies of the Department prevented any detailed 
petrographical work in connection with the Mount Morgans rocks 
being carried out up to the time the report was written. 

The ore deposits of Mount Morgans, according to Mr. Jackson's 
observations, are of two distinct types, viz. : — 

(a.) The banded quartz reefs and lodes, of a type identical 
with those which form such conspicuous features 
in the other goldfields of the State ; and 

(h.) The normal quartz veins. 

The banded quartz veins form a series of bold outcrops on the 
summit of the main Mount Morgans ridge, and have been traced 
across country for a distance of about four miles, along a powerful 
line or lines of weakness, which have formed channels for the more 
or less free circulation of mineral- bearing solutions. These banded 
quartz veins vary very much in size ; aad, owing to their irregularity, 
are naturally difficult to work. The plan, upon the scale of 160 feet 
to the inch, of the veins at the 100- foot level, in the Westralia 
Mount Morgans, Guests, Lily of the Valley South, and the Millionaire 
Mines, accompanying the report, graphically depicts the irregularity 
of the deposits, and should serve a very useful purpose. 

So far as any observations have been made, it appears that the 
ore-chutes have a marked dip to the south. 

The report is accompanied by a schedule of gold returns, 
prepared from official statistics, which demonstrate that, from the 
area embraced by Mr. Jackson's work, there have been raised 
215.564*326zs. of gold from the crushing of 21 7,55 TOO tons of quartz, 
giving an average of -OPoz. to the ton. Of this amount the banded 
quartz reefs have been responsible for 211,3lS-80ozs., obtained from 
the milling of 215,534 tons of ore, and the normal quartz reefs for 
4,24Si*52ozs., resulting from the treatment of 2.01700 tons of quartz. 
These figures- show that the banded quartz i^eefs of what may 
be called the main ore channel have returned. an average of '98oz. 
per ton, whilst the normal reefs have reached 2'10oz8. per ton. 



Tbe horizontal extent of the deposits, so far as at present 
iiia{^i«d. woald seem to assure the future of the district as an ore- 
prodnca ; and, as the lodes owe their origin to deep-seated agencies, 
tier may be expected to persist to any depths to which mining 
operations are likely to foUow them ; the fact, however, cannot be 
^ored, that deposits of the nature of those described are extremely 
irregular. 

The second report of Mr. Jackson describes the occurrence of 
the telluiide of gold and silver "petzite" at Mulgabbie. From 
Mr. Jackson's observations it appears that the discovery of 
tellnride ores in the locality has not materiaUy affected the 
conditions of mining, although the find warrants rather more 
thorough investigation than has hitherto been given to it. Mr. 
Jackaon points out the difficulty the unaided prospector experiences, 
mider the prevailing conditions, in making much headway, when 
the only treatment plant available is a smalt three- head mill, at 
which the crushing charges amount to £2 per ton. 

A. GIBB MAITLAND. 

Government Geologist. 

Geological Survey Office, 

Perth, 13th December, 1904. 



AUTHO R'S PREFACE. 
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fHE centre of interest in the following report is the Geology 
of the Mount Morgans lodes, particularly those which 
constitute the ore bodies of the Westralia Mount Morgans 
mine. 

Owing to their irregularity, the deposits are not only difficult 
to mine, but their exact disposition would be difficult to grasp 
without the aid of well-kept plans. 

. Indebtedness must here be recorded to Mr. Harold Gladstone, 
mine surveyor, for co-operation and assistance in that part of the 
work depending on the mine plans ; and, at the same time, thanks 
are tendered to Mr. Percy Morgans, Mr. Marmion, and the officials 
connected with the mine. 

C. P. V. JACKSON, 

Assistant Geologist. 
2nd November, 1904. 



I. 

mmmi features and auriferous deposits 

OP 

MOUNT MORGANS 

(MT. MARGARET GOLDFIELD). 



Introduction. 




Fio. 1. — Locality Map. 

The Mount Mar^j^aret Goldfield was declared bv proclamation 
gazetted on the 12th of March, 1897, t«) take effect from the 1st of 
April of that year : its boundaries were amended bv proclamation 
gazetted on the 28th of March, 1902, takinj^ effect on the 2nd of 
April. 1902, so as to embrace an arei of 42,252 square miles. 

Its boundaries as defined by the authorities are as follow : — 
" Bounded by lines starting from a spot about 15 miles east and about 
13 miles north from the summit of Mount Ida, and extending north about 
35i miles ; thence east abou£ 67i miles, passing? through a tree marked 
• A.N. 33 ' at Doyle's Well ; thence north about 14 miles ; thence east about 
7 miles ; thenoe north to the 26th parallel of south latitude ; thence east to 
the 125th meridian east longitude ; thenoe south to a spot due east of a 
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tree marked ' B 82 * at Brickey's Soak ; thenoe west through the said tree 
to the starting point. Exclu(Uag all townsites and fee simple lands within 
the boundaries." 

The field, for administrative purposes, is divided into three 
main districts, Morgans (the official centre), Malcolm (including 
Leonora), and Laverton. The production of each of these districts 
during 1903 is officially stated as follows : — 



Morgans 

Malcolm (including Leonora) 
Laverton 



OX8. 

71,798-78 
93,962*99 
46.728-83 



The total production of the Mount Margaret Goldiield up to 
the end of 1903 is shown by the following tabulated statement : — 

Production of the Mount Margaret Qoldjield. 



Previous to 1897 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

Total 



OZ8. 

4,992-10 

22,592*09 

49,717-77 

79,923-72 

145,688-75 

190,03215 

211,308-77 

2l2,49C-60 



916,745*95 



£* 
18,471 
83.591 
183.956 
295,718 
539,048 
703,119 
781.842 
786,215 



3,391,960 



* Value of gold aMumed, £3'7U per oe. 

Besides the production of gold, the Mount Margaret Goldfield 
has contributed a good deal towards the copper production of the 
State. 

Mount Morgrans District. 

History. 

The creation of the Mount Morgans District as a separate 
official centre of the Mount Margaret Goldfield dates only from 
the year 1902. The gold production however is recorded in the 
official statistics from 1897 to 1903 as under: — 



Tear. 


Ore 

lareated. 


Gold 
therefrom. 


Rate 
per ton. 


1897 

1898 

1899 

1900 

1901 

1902 

1908 






tons. o«8. 

4-00 , 6-00 
1,79600 i 2,175-28 
5,562-00 1 13,710-60 
25,003 00 ! 32,044-41 
86,012-00 1 42.697-64 
56.367-50 56.432-50 
'93,526-75 69,08162 


0E8. 

1-60 
1-21 
2-46 
1-28 
1-18 
1-00 
•73 


Total 







2X8^-25 216.U7-95 


"QQ 
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Ifoont Morgans is situated 367 miles to the east, and 220 
nika to the north of Perth, being accessible bj a branch railway 
which joins the main line at Mount Malcolm. 

In Bulletin No. 13 of the Geological Survey of Western 
Austi&Iia, dealing with the Geology and Auriferous Deposits of 
Leonora, €here appears (pp. 7 to 10), as well as a short account of 
die progress of the Mount Margaret Field, a brief outline of its 
geographical history, which dates from the Exploratory Expedition 
o{ Sir John Forrest in 1869. Sir John Forrest's track to Lake 
Carey on that expedition passed some miles to the south of the 
aetaal locality now known as Mount Morgans. 

In 18^, Mr. Goczel visited Lake Carey, and as he mentions the 
ridge on which Mount Morgans is situated it seems probable that 
he traversed the locality. 

Authentic records of the district, however, practically begin 
with its mineral production and date from the pegging of the lease 
now known as the Westralia Mount Morgans (No. 4297) in June» 
1896. 

The Warden of the Mount Mar>2^aret Goldiield, in his i-eport 
for 1898, states that business and residence areas were about to be 
laid out at Morgans, and there were in that year 16 leases held in 
the vicinity of and adjoining the Westralia Mt. Morgans mine. 
In the report for 1897 mention is made of a Tremaine Mill 
having been erected for ihe purpose of testing the Westralia Lode, 
and considerable prominence is given in the report for 1899 to the 
Mount Moi^^ans district generally. These reports further state 
daring 1900 that a 20-stamp mill ran at the Westralia Mt. 
Morgans and thirty additional stamps were being erected, also that 
other properties in the vicinity gave promise of developing. 

Since then the development of the one large mine and a few 
adjoining and neighbouring leases has been almost entirely 
responsible for the growth of the district, i.e., the area comprised 
by the accompanying Geological Map (30 square miles). 

The map is bounded by an east-and-west line four miles north 
of the township of Morgans, and a similar parallel two miles to the 
south ; on the east and west by meridian lines three miles and two 
miles from the township respectively. 

Physiography. 

The township of Morgans is situated on the western side of a 
ridge of somewhat broken outline, which extends to the north-west 
and south-east for a distance of five miles. 

At the north-west extremity is situated Mount McKenzie, the 
highest point, some 220 feet above the mean surface level. 
To the south-east of the township, the ridge terminates, and the 
rocks are covered by recent superficial accumulations forming wide 
flats which extend to the margin of the Lake Carey saltmarsh. 
La an east-south-east direction, some eight miles from Mount 
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Morgans, another ridge, of which Mount Maiyaret is the highest, 
point, appears on the northern margin of the saltmarsh . Between the 
ridges the flatness of the country is only broken here and there by 
small isolated hills of greenstone. 

The altitude of Morgans above sea level is but little different 
from the average level of the Eastern Gk)ldfield8. and is approxi- 
mately 1,450 feet. The average annual rainfall from the records of 
five years is 9*24 inches. 

The district is relatively well provided with water obtained 
from wells ; the supply pumped from two wells for the Westralia 
Mount Morgans and Guest's mines being sufficiently large to 
also supply the town. 

Geology. 

The western side of the area embraced by the accompanying 
Geological Map is occupied by a series of Basic Rocks, greenstones 
and schistose derivatives ; while the eastern side is occupied chiefly 
by an intrusive granitic rock — a porphyry ; the main ridge with a 
north-westerly and south-easterly axis along which the principal 
lodes have been developed approximately marking the junction of 
the two formations. 

A very large portion of the area is covered by recent superficial 
and alluvial deposits, not only on the flats but, to a great extent, on 
the slopes of the hills which except near the apex are not very steep 
and the talus has accumulated to a considerable thickness, in many 
places being cemented into a compact mass. A good deal of the 
detail along the junction of the two formations is thus obscured. 

In point of geological age, the Basic Rocks no doubt belong to 
the same geological series as those outcropping elsewhere on the 
Eastern Goldfields and form a portion of the area of palseozoic 
greenstones often referred to as " the Second Auriferous Belt."* 

With regard to the granite or porphyry, there is no evidence 
with regard to age other than that it is intrusive into the greenstones. 

Superficial Accumulations. 

The recent deposit covering the greater part of the surface in 
the district is chiefly the usual sandy soil resulting from the 
degradation of the underlying rocks, and except towards the south- 
east in the vicinity of Lake Carey does not in general attain a 
greater thickness than a few feet. 

On the gentle slopes of the main ridge a thick covering of talus 
has accumulated, which in many places has become cemented into 
a compact mass by the solution and redeposition of the lime 
contained in the finer material. 

* Mining Handbook to the Colony of Western Anatralia. by H. P. Woodward, 
pp. 96 and 87. Perth : By Authority. 1895. 
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Tliere is also the thin stratum of earthy limestone or " cement " 
intenoiing between the superficial accumulations and the rock 
JBaMes benea^th, which is similar to that described in a report on 
tbe Leonora district.* 

Similar deposits also of Ironstone (Laterite) occur, Ihe high 
ie^el and low level f oi ms I)eiDg both recognisable, but it has not been 
foQod possible to distinguish them separately on the map. The chief 
point of difference between thezn seems to be in the formation of 
t^ former contemporaneously with the decomposition of the rock 
beneath (Plate I.) from which the iron is derived, and trails of the 
original rock structure can be observed in the less ferruginous 
p(Htions of the base. 

In the case of the low level variety a complete disintegration of 
the rocks appears to have first taken place, and the formation of the 
Laterite subsequently gone on in the accumulated loose ferruginous 
material thus produced. 

As a source of gold these superficial deposits have taken very 
little part in the production of the disi!tict, the small areas where 
thej have proved auriferous being shown on the map. 



Greenstones. 

It is in association with these rocks, essentially hornblendic 
focks, that the auriferous deposits mainly occur. The greenstones 
chiefly occupy the western portion of the area shown on the map, 
bnt are found in more oi* less isolated patches in the granitic area 
to the east. 

The more important deposits are at or near the junction of the 
two formations or in the vicinity of the numerous dykes of which 
the areas of greenstone on the eastern side' are everywhere inter- 
acted. 

Owing to the cover of superficial deposits it has not been found 
possible in more than a few instances to indicate the course of these 
dykes. 

The greenstones have been distinguished on the Geological Map 

of the district bv a single colour, and though possibly the area thus 

e^ineated contains more than one variety of Basic or ultra-Basic 

t)ck, no more than structural distinctions can be observed, a coarse- 

liined, a fine-grained, and schistose variety being most prominent. 

The areas occupied by each are not sufficiently well-defined for 
'parate mapping, but generally speaking the former are chiefly 

' QeokMy and Anriferoas Deposits of Leonora. Geological Surrey of Western 
" *^ •• • I No. 18. p. 16. Perth : By Authority, 19M. 



14 

confiaed to the western portioa of tbe area, while the fine-graiaed 
variety is found on both sides. The schists, as might be expected, 
are most prominent along the main junction of the two formations : 
they occupy roughly a strip along the western side of the zone 
of contact. 

In the hand specimen the ferro-magnesian mineral of tbe 
coarse-grained rock has a somewhat acicular appearance. A section 
of a specimen [5874] seen under the microscope shows it to have been 
essentially a hornblende-felspar rock, the hornblende having become 
much decomposed, and there is a considerable quantity of ilmenite 
with leucoxene present. The section shows a little quartz, and the 
original rock was probably souiewhat of the nature of a basic diorite. 
The fine-grained variety in the hand specimen is compact and 
heavy, a section of a specimen [6678] showing under the microscope, 
with the exception of the more minute structure, similar features to 
the coarse-grained rock. 

The macroscopic and microscopic characteristics of the schists 
are similar to those of the greenstone schists elsewhere. 

Porphyry. 

This rock occupies the greater portion of the area to the east 
of the main ridge, and appears on the west in the form of narrow 

dykes. 

A massive and crushed variety are roughly distinguishable, but 
under the microscope sections of specimens [5880] » [6686] » [5885] 
are, with the exception of differences in d^ree of foliation, practi- 
cally identical. The ferro-magnesian mineral is a white mica, and 
phenocrysts of quartz and iriclinic felspar occur in the ground 
mass. The rock is a quartz-felspar porphyry, and the main mass 
assumes a light-brown colour on weathering. 

Distribution and Character of the Ore Deposits. 
The ore deposits may be separated into two main divisions:— 

(a.) Lodes which are genetically similar to the banded 
and hematite-bearing quartz lodes which are a 
typical feature of the Mt. Margaret and Murchison 
0-oldfields; and 

(6.) Gold-bearing veins of quartz of ordinary type in 
greenstone. 

The former occur along the axis of the main ridge in a series 
of bold outcrops. (Plate 2.) The apex of the ridge thus formed 
is a proi«inent feature of the landscape, locally named ** The Mor- 
gans Line." (See Frontispiece.) 

The latter — ^the gold-bearing quartz veins — occur almost 
entirely in the smaller areas of greenstone to the east of the 
main dividing ridge. 
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The Mines: 
The Westralia Mount Morgans. 



Tear. 


Ore 


Gold 


Rate 


treated. 


tberefrom. 


per toiL. 




tons. 


OX8. 


OS8. 


:m 


400 


600 


1-50 


:*98 


1,72600 


2,04018 


118 


-W 


5,532-00 


13,669- 15 


2-40 


iSOO 


17,283-00 


25,868-35 


149 


:»i 


24,16800 


37,363-80 


1-54 


1902 


56,02200 


56,982-75 


•99 


19J8 


86,78000 


64,946-85 


•74 


Total 


idi^'oo 


199^*06 


104 



'l*he leases are situated on the main ridge near the eastern 
boandary of the township, lease No. 4,297 being that which includes 
the ootcrop of the Westralia Mount Morgans lodes. 



The original prospector who pegged the lease on the Ist of 
June, 1896, was H. Lillev, the registration being made at Menzies. 
An option was taken almost immediately by Mr. A. E. Morgans, 
and development of the property has since steadily proceeded. 

The deposit is by far the most important of any in the district. 
Apmrt; from its size and irregular nature, it has many points of 
interest, not the least being its similarity of origin to the banded 
and hematite-bearing quartz lodes which have already been referred 
to, and which though elsewhere frequently associated with auriferous 
deposits are not themselves generally highly gold-bearing. Their 
occurrence is described in Bulletin 16, page 25, on the Mur- 
ebison Goldfield, where "they extend as roughly parallel bars, 
often continuous for many miles in length : they are generally from 
two to four chains in width, and outcrop in the form of rough 
serrated ridges. These bands are merely quartz reefs or lodes of 
a peculiar type, and var^ in composition from almost pure quartz 
through varieties of Imnded jaspers, often of great beauty, to 
practically pure banded hematite." At Boogardie,* on the 
Murcbison Goldfield, the formation of this banded quartz is 
stated to occur "in old fault lines or joints, along which zones 
of weakness thermal solutions, containing silica, iron, etc., have 
forced their way to the surface, and gradually converted the 
original highly foUated rock into its present form." 

At Mt. Morgans conditions have been highly favourable along 
the contact of the intrusive mass of porphyry for the formation of 
sncb areas of highly crushed and foliated rock, and the production 
of zones of weakness in which the lode-forming processes have taken 
place. (Plate 7, fig. 3.) 



* LennoDTiUe, Mt. Ma^et, and Boogardie. Bnlletm of the Geological Surrey of 
Weotem Australia, No. 8, pp. 16, 17, C. Q. Gibson. Perth : By Authority, 1908. 
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i)^ The quartz lodes of Mor^rans are in most cases more or less 
v|:Jl)Mded in appearance in the oxidised portions, but the typical 
V banded hematite variety is not represented, and though they have 
.'^jf-'' been formed most frequently associated with the basic rocks, they are 
:fV- abo found entirely in the porphyry. Their chief morphological 
;/ . ■ ^ characteristic, independent of the habit of the shoots of ore withia 
them, is that of a solid body or pipe of lens section, the main axis 
of which trends or dips to the south at an average angle of about 
45 degrees. Thus the ore bodies shown in the section at the main 
shaft (Plate 7, Fig. 2) are no doubt those which were worked in 
the large open cut some three or four chains to the north of the 
shaft (Plate 4). 

The ore shoots have also a southeily trend, and the deposit, 
owing to its irregularity, has been diflficult to work. 

Two lodes have l)een chiefly worked, known as the main lode 
and eastern lode (vide Plate 7, Fig. 2), and these have been 
^rly continuous within the workings, but their extension south is 
more difficult to follow, and numerous breaks occur. 

The lodes in the adjoining lease to the south (the Guest) 
appear to be directly related to the Westralia main and east lodes, 
i.e., formed in the same line of fault or weakness, but they are not — 
the main lode at least — directly connected. 

The shoots of ore in both lodes have had a marked trend to 
the south, and the Company were fortunately able to purchase the 
Guest lease and extend their workings southwards. 

The deposit is worked by a vertical shaft and, so far, six main 
levels. In the two upper levels the lodes were almost vertical or 
with a tendency to a westerly dip, but in the lower levels there has 
been an average dip to the east of 55 degrees. 

The ore from the unoxidised portion of the lodes, when 
examined by the Acting Mineralogist and Assayer, was found to 
consist of "hard flinty quartz, dark greyish to black in colour, 
heavily charged with iron pyrites, and carrying in addition small 
quantities of chlorite and calcite, the latter occurring principally in 
the form of small veins throughout the stone." 

The average output of the mine is about 7.000 tons* per 
month, which is dealt with by a 60-stamp crushing mill with a duty 
of 4*4 * long tons per stamp. The product contains 4,600* tons of 
sands with an average of 17* per cent, to 20 per cent, of sulphides 
and 2,400* tons of slimes with an average of 9* per cent, of sul- 
phides. The pulp from the battery passes to an air lift, thence 
through pipes and Butter's Distributers to collecting tanks of 190* 
tons capacity ; the slimes overflowing through slab gates to spitz- 
kasten which return sands to main air lift. The slimes from 

* Fi«rarM aappUed by MetaUnrgist. April, 1904. 
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Open Cat, Ouest's G.M. Co., showing Porphyry Dyke dividing Lodes. 
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spiukasten pass to slimes-settling tanks, thence. by tueans of au 
air lift to agitating tanks of 100* tons capacity, theuct^ throagh 
a monte to the presses. The cost to the Companr of the above 
treatment, which is said to result in an average total extraetiuu of 
ibont 89* per cent., is £1 Os. 6d.* per ton. 





• The Guests Mine. 






Tear. 


Ore 

treated. 


Gold 
therefrom. 


Bate 
per ton. 


1898 ... 
1900 ... 
IflOl ... 





tons. 

60-00 

7.37400 

10,827 00 


OSS. 

127-60 
5,184-69 
8.915-36 


OSS. 

212 
•70 
•36 


Total 


18,26100 


9,20r65 


'50 



The lease is situated immediately to the south of the Westralia 
Mount Morgans adjoining it, and, since its purchase by the owners 
of the latter, practically forms part of the same property. The 
relation of the deposits at the lOO-feet level is shown on Plate 7, 
Fig. 3, and little further description is necessary. 

The deposit was worked to the 184-feet level by the Guests 
Company, and the shaft is sunk on the main ore body, which is 
adjacent to the intrusive porphyry, the main lode being formed on 
both sides of a narrow intrusive tongue or dyke of this rock. The 
ore hodies are now worked at a lower level by the continuation 
Bouth of the workings of the Westralia Mount Morgans. 

The Lily. 

This is the next lease south on the line of outcrop. 

There are a great number of lodes which have been explored 
at the 50 feet and 100 feet levels, and except for the occurrence of 
«^ number of them in the poi-phyry, the workings present no special 
features other than those already mentioned. The position of the 
lodes is shown (Plate 7, Pig. 3.) 





The Millionaibb. 








^*"- treated. 


Gk>ld 
therefrom. 


Bate 
per ton. 


1901 

1908 





tons. 
22900 
5,51600 


OZ8. 

183-75 
2,024-32 


OSS. 

-80 
•36 


Total ... 


6,74600 


2;»807 


-38 



* Figwea rapplied by Metallurgist, April, 1904. 
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This lease adjoins the Lily on the south, and is the farthest 
south -on the line of outcrops of any of the leases which have been 
worked to any extent. 

The property has been rather more extensively worked than 
the Lily, but beyond this the mine is in nearly all respects similar, 
as also the ore deposits, the essential characteristics of which are 
much the same as those of the Westralia Mt. Morgans. 

The three mines have practically the same ownership, and the 
latter, the Millionaire, is provided with a small treatment plant 
(PUte 6). 

The Fire Kino. 

This lease is situated some iib chains to the south of the 
Millionaire. 

The lodes may be described as a continuation of the same series 
of ore bodies and what appears to be their limit in a south-easterly 
direction, but a break of aliout 30 chains occurs in the line of 
outerops. 

The lease was first taken up by Messrs. Clarke Bros., and has 
since been prospected by a number of different holders, but the work 
has never advanced past the prospecting stage. The main line of 
lode has an easterly dip, and several shafts have been sunk along it. 

Sundry Leases. 

(North of the Westralia Mount Morgans.) 

A line of leases, now more or less abandoned, extends north- 
wards along the Ime of outcrops beyond Mount McEenzie, and it is 
a somewhat remarkable fact that no really payable ore has been 
found on this side of the big mine. It may be noted, however, that, 
though a certain amount of prospecting has been carried on, it has 
been rather inadequate to test the question. 

On lease 4327, immediately to the north of the Westralia 
Mount Morgans, several shallow shafts were put down by the com- 
p iny, and the ore bodies met with are indicated on the horizontal 
section, Plate 7, Fig. 3. The same remarks apply to lease 4328, 
where, generally, similar conditions were met with. 

The next lease to the north, known as Trig. Hill, has been 
rather more extensively prospected by several holders, and one of 
the lodes has been explored by a short tunnel, but results, I believe, 
have not been very encouraging. 

Northwards from this along the old leases only shallow pros- 
pecting holes are met with as far as Mount McKenzie, where some 
prospecting work is in progress at lease 70f and old lease 1106t. 
The latter, however, is of a rather initiatory character. 
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Lease 70p, Mt. McKenzib North. 






Gold 
thocefrOB. 


Bate 
per ton. 


1903 


tone. 

13-00 


OS8. 

400 


OS8. 

-30 



This lea^e is situated on the summit of Mt. MoKenzie, which is 
in a pieat measure composed of an irreh^ular mass of banded quartz. 
The lease has been worked for rather more than two years by 
a prospector named David Bjnon, who has driven a tunnel some 
160 feet single-handed. Several small trial crushin^s have yielded 
from 3 to 6 dwts., and altogether results have not been highly 
encoura^ng. 

Lease No. 1106p. 

This lease is situated about half-a-mile north of Mt. McKenzie, 
and the workings are at the north end of the line of outcrops, a 
considerable break in the continuity occurring at Mt. McKenzie. 
Two prospectors are working here on l)ehalf of a small syndicate, 
and several shafts have been sunk at different times ; but so far no 
ore in payable quantities has been found. 



Grold-bearing Veins of Quartz in Greenstone. 

The deposits of this type are situated for the most part to the 
ctLst of Mount Morgans, and those of importance are three in 
number, viz., the Transvaal, Sons of Gowrie, and Turn of the Tide. 

There are a number of other miscellaneous workings, both on 
old leases and elsewhere, but they are in a great number of cases 
abandoned. 

The Tbansvaal. 



Year. 



Ore 
treated. 



Gold 
therefrom. 



Bate 
per ton. 



1900 

1901 

1902 

1903 


tone. 

266-00 

39300 

7200 

68000 


OE8. 

641-37 

627-20 

170-00 

1,494-40 


OX8. 

2-83 
1-59 
2-86 
219 


Total 


l,4U-00 


2,932^ 


2-07 



The leases are situated about a mile and a-half to the north-east 
of the township of Morgans. The two principal leases are Nos. 
980t and 979t. The prospector of the Transvaal leases, in 1898, 
was W. J. Hamlin who has owned and worked the property since 
that date. 
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There are two main deposits, and these are situated near the 
northern boundary and near the centre of lease 980. Both are in 
an area of greenstone which is surrounded bv the porphyry on all 
sides, and comprise several different quartz reefs. 

The greenstone is intersected by dykes or bars of porphyry, 
which, owing to the cover of superficial deposits, can only definitelj 
be traced where exposed in the workings. 

The reefs near the northern boundary of the lease are on the 
eastern edge of the area of greenstone, the strike being almost north 
and south, the average dip is about 65 degrees to the east. 

The principal shaft is that shown just to the north of the 
boundary on lease No. 927, and in the workings, which are not very 
extensive, there appear to be several reefs lying approximately 
parallel to each other, but inclined at a slight angle to one of above- 
mentioned porphyry bars. 

The reefs vary from about eight inches to two feet in thickness. 
The sketch (fig. 2) is a section of the reef as seen at the shaft. 

Fio. 2. 




VERTICAL SECTION AT MAIN SHAFT. TRANSVAAL. ii)r«»ir«3(i*y» 
M^MORGANS. 
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The main workings are situated near the centre of the lease, 
and there are there two reefs, the strike of which is 350 degrees. 
Operations have been chiefly confined to the more easterly of the 
two. The dip of this reef, which is 2ft. 6in. in thickness, is about 
50 degrees to the east, and the deposit was worked by an inclined 
shaft. As seen in the workings it is stoped about 4ft. in width 
for a depth of 30 feet and for a distance of about 50 yards to the 
north. The inclined shaft was continued, and a vertical shaft also 
gunk on the back of the reef, intercepting the former at 85 feet, 
which is rather below water level and at which point it became 
necessary to cease operations owing to lack of suitable pumps. 
Berious mining was in abeyance at the time of my visit, pending 
the arrival of pumps and machinery from England, it being the 
intention of the owners after the arrival of the plant to continue 
the vertical shaft to 200 feet. 



The Sons of Gowrik. 



1 


Gold 
therefrom. 


Bate 
per ton. 


1900' 

1901 

1902 * 

1903 


tonB. 1 OZB. 

8000 35000 
15900 36000 
20300 : 228-80 
13400 j 361-75 


OZB. 

4-37 
2-26 
112 
2-69 


Total 


67600 1^ 56 


2-26 



This lease is situated half-a-mile south-east of the Transvaal 
and about one and a-half miles north-east of the township. 
The lease was pegged about the same time as the Transvaal by 
W. Harrison, and at some time during its history was under an 
option to Mr. G. W. Hall. The property is now being worked by 
Messrs. McKinna, Vincent, and Smith. 

There is a system of parallel reefs, and the deposit, which is 
in many respects similar to the Transvaal, is on the western edge of 
an isolated area of greenstone, narrow porphyry bars being of 
frequent occurrence in the workings. The reefs, however, would 
Beem to be of later date than the intrusive rock, since they appear 
to taper out on nearing the bars rather than be intercepted by 
them. 



No crosscuts are available for examination, so that a good 
section is not immediately available, but the following sketch plan 
(Pig. 3) shows the relation of the reefs and the rocks continuing 
them. The strike of the reefs is about 208 degrees and the dip 
60 degrees to the east. There are a number of shafts on the lease 
shown on the Geological Map, one of which was carried about 
30 feet below water level. There are about 200 feet of drives in the 



main workings and a good deal of sloping has been done from th^ 
surface to about the 75 feet level. 

Fio. 3. 




HORlZONrAL SECTION AT TSr.iSMll SONS O'GOWRIE 6.M. 
M'TMORGANS 



TUBN OF THE 


Tide. 






Year. 


Ore 

treated. 


GoM 

uierenroiu. 


per ton. 
*Bate 


1903 


tons. 

30-00 


OS8. 

1500 


OSS. 

■50 



The lease No. IOOf is situated about three and a-half mileB 
north-east of the township on the boundary of the map. 

The property is owned by a syndicate consisting of Messrs. 
Marmion and others, and is at present under an option to the 
owners of the Millionaire Mine. 

The reef, which is of white quartz, is in greenstone of more or 
less schistose character, the strike is 285 degrees, and the average 
dip to the north 65 degrees. It is said to be about eight feet thick in 
places and to assay well. There are about 80 feet of drives at the 
38 foot level, and the shaft has beeu continued on the foot wall to 
a depth of 75 feet, at which depth a good deal of water is * being 
met with. 



♦ April, 1904. 
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Miscellaneous Leases and Holdings. 

A namber of prospecting shafts and workings are shown on 
the map, for the most part on small quartz reefs, and for the devel- 
opment of such holdings the old treatment plant of the Guests 
G.M. Co. is kept running as a public crushing battery (Plate 8). 

The Bamomie, lease 97f, is situated about three-quarters 
of a mile ea»t of the township, and is being prospected by Messrs. 
Archibald and others, with encouraging results. The deposit is 
in a higblv crushed and foliated zone of greenstone, the strike 
being about 10 degrees east of north ; the dip is 80 degrees to the 
east. The chief characteristic is in the nature of the lode stuff, 
which is very little different from the surrounding country. The 
processes bringing about the deposition of the gold in the rock 
appear to have but very slightly altered the rock itself. 

A similar deposit to the Ramomie is being prospected by 
Messrs. Birrell and Bridges, on the western side of the main ridge, 
about 30 chains north of the railway station. The dip is here to 
the west, and developments have been very satisfactory. 

There is a group of shafts to the south of the Sons of GK)wrie, 
on the eastern side of lease 1017. These are on some small and 
very irregular veins in the greenstone schists. 

An irregular deposit of a similar'character was also worked on 
old lease 1170t, two and a-half miles north of the township. 

PiQ. 4. 




VERTICAL SECTION SHEWING QUARTZ m^.tmiMfn OAOt. 
W MORGANS. 
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About a quarter- mile to the east of this, and just to the south 
of old lease 1123, a vein is being prospected by Messrs. Webb and 
party, a section of which (Fig. 4) will illustrate the character of 
most of those on which potholes and shallow shafts have been sunk, 
between this point and the Turn of the Tide lease IOOf, on the 
eastern boundary of the map. 

The strike of the reef is 210 degrees, and the average dip 
about 80 degrees to the east. The vein is on hard greenstone in 
juxtaposition to a narrow porphvritic dyke. The quartz is of a 
bluish colour, and shows pyrites in places. 
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II. 



Notes on the Geology and Ore Deposits 



OF 



MULGABBIE 



The Mul^ahbis District, with special reference 
to the occurrence of Tellurite Ores. 



The output of gold from lA ulgabbie has been derived from two 
soorces — 

(a.) Alluvial flats. 

(6.) Small rich veins or " leaders." 

From the latter the total production to the end of 1902, as 
defined by the authorities, is made up as follows : — 



V— From 
^*^- Speoimenft. 




Total 


1898 

1899 

1900 

1901 

1902 


OI8. 

44-60 

897-42 

620-66 

660 


OSS. 

147-80 
123-76 
190-04 


OZB. 

44-60 

1,04^-22 
744-41 
196-64 


Total 


ijmm 


i61'60 


2,030*87 



From 7 tona ore. From 8 tons ore. From 68*25 tons ore. 

With regard to the Quantity of alluvial gold obtained, there is 
no information which will enable the amount to be stated, since the 
production from this source is included in the official statistics with 
that of the Kumalpi district generally. 

Mulgabbie is situated in the North Coolgardie Goldfleld, 40 
miles north and 58 miles east of Kalgoorlie. It is most easily 
accessible from Kanoivna, the distance by a somewhat circuitous 
road, which passes through the old Kurnalpi field, being some 78 
miles. 
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The discovery of payable gold waa made in 1897 by tbree pros- 
pectors — Messrs. Beid, Mackay, and Johnson — though previous 
rumours of gold in the locality bad originated from some men who 
were cutting timber for the Edjudina mines. 

In the report of the Under Secretary for Mines for 1897, the 
warden of the North-East Coolgardie Goldfield mentioned 
Mulgabbie, and stated that 150 men had been. engaged prospecting 
there during that year ; but though a few hundred ounces of gold 
had been obtained, the true value of the discovery was not then 
known. During the next two years it appears, from the warden's 
reports, that alluvial gold continued to be obtained, the field 
suppirting a population varying from 60 to 100 ; but at the end of 
the following year (1900) that gentleman reported that the known 
alluvial workings, both at Mulgabbie and Eumalpi, appeared to be 
worked out. A fact indicated by the tabulated statistics above, 
which further shows a rapid decrease in the amount of gold obtained 
from rich surface specimens. A gradual increase, however, is 
shown in the amount of gold obtained by more regular mining 
work. 

Most of the prospecting in the locality has been confined to a 
small area about 30 chains to the north-east of the Mulgabbie 
trigonometrical station, where a number of shallow shafts have been 
sunk ; and on the recent discovery of telluride ores in one of these 
shafts, some 30 or more 24-acre leases, extending on either side in a 
north-westerly and south-easterly direction, were quickly pegged 
out and surveyed. The accompanying Geological Sketcii Map of 
Mulgabbie, based on this new lease plan, comprises a rectangle of 
five square miles, of which the Mulgabbie Hill approximately forms 
the centre. 

This hill, of somewhat conical form, which rises to a height of 
150ft. above the alluvial flat below, and rather more than 200ft. 
above the general level of the surrounding country, forms a promi- 
nent landmark from the south and west. The alluvial flats, which 
form a central feature of the map, are flanked on either side by 
prominent ridges with an approximately north-west axis, and thus 
form a small catchment which drains more or less directly to the 
salt pans or lake to the south and east. 

The rainfall, however, is not very large, and may be approxi- 
mately known from the records kept at Kurnalpi, which show for 
the last five years a mean of 7'5 inches. 

A geological examination of the district has shown that the 
formation of chief importance consists of a system of basic rocks, 
appearing in the form of schists and weathered greenstone out- 
crops ; and there are also several areas occupied by an intrusive 
porphyry. The latter are of small extent, but the former rocks 
cover a very large area, which, however, is concealed in many 
places by a considerable development of laterite. 

Approaching from the south, large outcrops of granite are to 
be seen 16 miles distant, and about three quarters of a mile east of 
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the road, and theoee for eight miles the rocks are obscured either 
bj a recent superficial deposit of sands or bj the above-mentioned 
Jaterite ; for the next five miles the road passes chiefly over the salt 
marsh or lake countrv, in the bed of which the decomposed and 
weathered basic rocks are sometimes visible ; but it is not until a 
point is reached some three miles south of Mulgabbie that these 
rocks begin to outcrop in their characteristic form. 

North of Mulgabbie, a second larger outcrop of granite makes 
its appearance at Calvali, four miles distant, the chief characteristic 
of the rock being the frequent occurrence of large crystals of a 
twinned felspar. 

The greenstones, or diabasic rocks, occur in more or less crushed 
and highly-altered forms, but within the scope of a field examina- 
tion present no important features other than those observed 
elsewhere. It is possible, however, that a more extended inves- 
tigation might lead to a separate mapping of the schists. The 
direction of foliation varies from about 120 to 160 degrees, 
and, with few exceptions, there is a tendency to a westerly dip 
tbrtjughout the district. 

The most important exception is that of the porphyritic rock 
forming the Mulgabbie Hill, which shows considerable crushing, 
and the joints developed, though very nearly vertical, have, if 
anything, a tendency to an easterly dip. The outcrops of this rock 
appear to be somewhat isolated, and those showing on the map, as 
far as can be judged, wholly detached; but on this point it is 
somewhat difficult to be certain where the surface is largely covered 
with more recent superficial deposits, and the rocks considerably 
decomposed. The intrusion seems to have taken a north-westerly 
course, and I was informed by prospectors that further similar out- 
crops appear some eight or uine miles to the south, on the southern 
side of the lake. The porphyritic mineral, ordinary felspar, appears 
in a fine-grained matrix in the form of numerous small crystals of the 
characterislic shape. 

Mining. 

The chief development of rich highly-inclined veins or leaders, 
to which mining operations are confined at present, has been on the 
western side oi^ the alluvial flats, in a small area included within 
the boundaries of leases 261k, 84k, 263k, 39k, and 260k (see Sketch 
Plan, Plate 9), and from these, by the degradation of the rock con- 
taining them, the gold obtained from the adjoining flats has been 
derived. Most of this gold was found at a depth of from 10ft. to 14ft., 
OIL the surface of the decomposed basic rock beneath ; and as will 
be seen on reference to the plan, the workings cover in all an area 
of about 25 acres. 

Of the veins or " leaders," those on which attention has been 
chiefly centered are distinguished on the plan as No. 1 and Ko. 2, 
and a considerable amount of gold was obtained by dollying rich 
specimens taken from the outcrop of each. Deeper exploration^ 
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however, has been principally confined to the No. 1 or Eastern rein, 
and on this a number of shafts have been sunk at difEerent points ; 
but most interest at present attaches to that marked No. 5 originally 
on Q.C. 6k, now on lease 260k. 

Lease No. 260k, — There are in all some eight or nine shafts on 
this lease, and the working shaft No. 5 is now (since the recent 
survey) known as the prospector's shaft. This shaft was originally 
sunk in the year 1900 to a depth of 69ft., and Messrs. Bobb and 
party, who obtained possession in 1902, have since connected the 
workings with the No. 4 shaft and operated to a depth of 100ft. 

The shaft follows the main " leader," the average dip of which 
has been about 75 degrees to the west and south ; the mean strike 
about north 56 degrees west. The thickness has varied from two 
inches, or two and a-half inches, to a mere joint in the massive 
rock (greenstone) containing it ; and the latter is traversed by a 
number of similar parallel leaders, all more or less auriferous. 

In addition to quartz, the ** vein filling " consists of crushed 
rock material with a little pyrites appearing in the lower levels ; 
and the leaders appear to have been formed in a system of joints 
along which the main mass of the rock has *' yielded " to forces 
which have produced the schistose form occurring in larger areas in 
the immediate vicinity. 

The rock has also " yielded " to a somewhat greater extent and 
become highly foliated, along several zones of weakness extending 
in the same direction ; one of which passing through the main 
workings is there called ** the indicator," elsewhere they are known 
as ** slate bars " from the appearance of the decomposed outcrops^ 
in places, being somewhat similar to that of a slate. The informa- 
tion, however, with regard to the genesis of lodes in the greenstones 
elsewhere, and the complete alteration from a basic rock to a 
siliceous lode formation, leads to the conclusion that the slate-like 
appearance here and there noticeable is due to a transition stage in 
that process. 

The " indicator," composed of a hard compact chlorite schist 
showing a little sulphide in places, has varied in thickness from 
two or three inches, to two or three feet, and appears to have had 
some influence on the distribution of gold in the auriferous veins. 

In the No. 5 shaft, which followed the main leader, the 
"indicator" was met with at 40 feet, and from this point, the 
leader remained on the f ootwall side of the formation for some dis- 
tance. It was observed that most of the good ore occurred in small 
rich patches along the junction plane. 

At a greater depth the leader crossed the zone of foliated rock 
passing to the west, and in the acut« angle thus formed a small 
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"bnnch" of telluride ore was met with on the western side at a mean 
depth of about 90 feet. (Fig. 5.) 

Fio. 6. 
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MUL6ABBIS 

This find was made in October of 1903, and some specimen 
pieces have been left on the wall, showing a good deal of free gold in 
asBociation with the telluride "Petzite"; but very little work has 
since been done, and the prospectors appear to have removed the 
greater portion of the telluride ore, actually in sight, in a parcel of 
one and a-half tons from which they obtained 60 ounces of gold 
locally as well as a further quantity by treatment of tailings and 
slimes sent to Kalgoorlie. 

Some samples collected by the Inspector of Mines in November 
of 1903 were examined in the Geological Survey Laboratory, and the 
foflowing is an extract from a report thereon by the Mineralogist 
aad Assajer : — 

Sample No. 1 contained a considerable amount of pyrites in bands and 
lenses, mostly along the planes of foliation of the rock, A narrow irregular 
▼ein of (;arbonates of lime and iron, with some quartz, cut across the folia- 
tion planes. 

Free gold was visible in most cases throughout this vein, associated 
^th a black metallic mineral and a light coloured mineral. The former 
▼as present in sufficient quantity to enable its identity to be established as 
]^**tzite, a telluride of gold containing about 24 per cent, of gold and 41 per 
cent, of silver. The light coloured mineral was present in such small 
scattered fragments that it was impossible to definitely ascertain its species, 
though it is probable that it is calaverite, a telluride containing 40 per cent, 
of ^old. After removing pieces showing gold freely the general sample 
swayed gold ISozs. 12dwts. per ton, silver 7ozs. iTdwts. per ton. 
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A portion of the yein, which showed no free gold to the eye, assayed 
gold 6dwtB. 13g^. per ton, silver 7idwts. per ton. 

Sample No. 2 assayed, gold ISdwts. per ton ; uilyer trace. 

Sample No. 3, strongly impregnated with pyrites, assayed as follows : — 

(a.) Pyritous portion, gold trace, silver Q^dwts. per ton. 

(b.) Non-pyritous portion, gold trace, silver 6idwts. per ton. 

A number of rich specimens have been preserved at the mine, 
but beyond that, in most cases the mineral " Petzite " was present in 
considerably greater proportion than would appear to have been the 
case in the samples taken by the inspector. I am unable, after 
an examination of all available examples, to add to the information 
quoted above. 

At the present depth of 100 feet and in " hard country," it is 
difficult for the imaided prospector to make much progress ; and 
where the only means of treatment is a small three-stamp prospect- 
ing battery, at which the charge for crushing is £2 per ton, it is 
oiUy by the acquisition of an occasionally rich parcel that his enter- 
prise is assisted. It is to be regretted, however, that more work 
has not been done, for beyond a somewhat visionary improvement, 
the conditions of mining in the district have been very little altered 
by a discovery, the importance of which certainly warrants more 
thorough investigation being made. 

Qtiartz Claim, No. 39k. — This claim adjoins lease No. 260k, 
on the south, and the working shaft thereon is that marked 
No. 6. The shaft was originally sunk by a prospector named 
Johnson to a depth of 20 feet, and in 1901 passed into the possession 
of the present owners, Messrs. Thompson and party, who havt^ 
continued sinking to 90 feet. The workings are a continuation of 
the deposit already described, the intercept of leader and " indicator " 
being met at a depth of 70 feet. The former presents the same 
features, but the latter is somewhat larger, and at the bottom of the 
workings, mineralised to a considerable extent with ordinarv 
sulphides for a width of about 12 inches on one side, and to a lesser 
extent over a somewhat greater width. The ** leader," which follows 
the hanging wall for some distance, carries gold, as also the miner- 
alised portion of the rock, but so far only in association with pyrites. 
There is in all a formation exposed about 2 feet 6 inches in 
thickness. 

Lease No. 263. — The next in order southwards is held by 
Messrs. Cable and party, but it was not (in February, 1904) being 
worked. Included within its boundaries is a considerable amount 
of surface working, and a number of old shafts, from one of 
which No. 7, sunk on the main leader by Messrs. Audrey and 
Johnson, some 500 ounces of gold are said to have been obtained 
at a depth of 28 feet, also a further larger quantity at 45 feet. 

Quartz Claim, No. 34k is held by Messrs. Clancy and Ander- 
son, and the deposit is here being worked from shaft No. 9 on the 
south boundarj, at a point 10 chains south of the prospectors. 
This shaft is 76 feat deep, aud not yet below the decomposed 
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rock. The same " leaders ** and zone of schistose rock are recog* 
nisable, the junction being met with at about 40 feet, but below 
this there is no Tery strong line of demarkation, the ** leader " or 
"leaders" haTing entered the crushed zone. The whole thus 
forming a body which may be described as of mullocky formation, 
showing in places a considerable amount of undecomposed 
salphides, and Tarying in thickness from two to five feet. This 
formation, independent of the leaders contained therein, carries in 
places a payable quantity of gold. 

South of this claim, goid has been obtained from surface 
workings, and a number of shallow shafts extend along the outcrop 
of the leader for a distance of 10 chains ; which appears to be the 
limit of its proved extension in that direction. 

Q^ar^z Claim, No. 40k. — The workings on this claim, which 
occupies a small area almost in the centre of the prospector's lease, 
No. 260k, are at a point of the deposit beyond which it has not yet 
been traced in a northerly direction. The claim is being worked 
by jilessrs. Glover and Johnson, and the working shaft. No. 2, is 
75 feet deep ; there are in all three shafts, connected by a drive at 38 
feet. The vein here appears to have been faulted, or otherwise 
alightly displaced, and the total amount of gold obtained from the 
workings is said to have been about 200ozs. 

Lease No. 266k — situated 30 chains to the north-west, is, in 
conjunction with that adjoining (No. 266k), being worked by 
Messrs. Simmons and party. On the latter, shaft sinking has only 
just been commenced but, on the former, there are a number of 
abandoned shafts. 

Those marked on the map in the north-east corner of the 
lease, were sunk on a small leader dipping at a high angle to the 
west, the strike being 140 degrees ; and a good deal of material 
was removed from the outcrop by means of a deep trench. 

Near the south-east boundary is another group of shafts, the 
deposit worked being a similar small vein or veins which were 
explored to a depth of 90 feet. From one of these veins some 500ozs, 
of gold is said to have been obtained. 

The prospecting work on this lease at present is being directed 
towards exploring a formation, which appears on the surface as a 
^fge ferruginous outcrop (tf schists, crossing the lease in the form 
of a low ridge, and has yielded a little gold to the dryblower on 
either side. 

Lease No. 272k is situated 35 chains south of the prospectors' 
lease and is held by Messrs. Welsh and party. There are a number 
of shallow shafts in proximity to one of the " slate-bars" previously 
tnentioned, and gold was found similarly disposed in "leaders" 
from which a number of small parcels were obtained by different 
prospectors. 

Lease No. 262k is the next lease adjoining southward, and 
from three shallow shaftsrsituated thereon several small lots of rich 
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ore were obtained. The deposit worked, of small 'dimeDsions, was 
similar to the other veins in the locality. 

Lease No, 271k. —Of the shafts and workings shown on this 
lease, those with the more northerly situation are practically onlj 
trenches, while those in the more southerly portion are sunk to & 
depth of 50 feet on two small veins. These veins have a strike of 
165 degrees, and are almost vertical. 

Lease No. 275k. — The shaft shown on this lease is an old water 
shaft, which is 60 feet deep, but was unsuccessful in its object. 

Lease No. 270k is not being worked at present, but there is an 
old shaft thereon which was sunk by Messrs. Cole and Bartley to a 
depth of 40 feet on a small vein dipping at a high angle to the 
west. 

Lease No. 290k includes a portion of an old abandoned lease 
known as Heydon's H«>pe (No. 230k), from which, as shown by the 
official statistics, 44ozs. of gold were obtained by dollying rich 
specimens in 1898. 

Lease No. 247 {voidei). — This lease was originally known as 
the Dolly Vane, and a new 24*acre lease has recently been taken up 
surrounding it. There are three old shafts sunk in the schists, to a 
depth of from 50 to 70 feet, and the auriferous deposit consist/ed of 
a quartz reef with a strike of 72 degrees ea^t cf north. The dip is 
towards the south. I was informed by the i>rospeotors that the 
quartz had an average width of three feet, and further that a crush- 
ing of five tons yielded 30dwts. per ton. 

Lease No. 286ky a new leaf^e adjoining, has been taken up by 
Messrs. Bay ley and party, and there are some surface workings and 
a shaft in course of sinking about 15 chains to the north- west. 

In conclusion, it may be said with regard to the area examined, 
that its resources, do far as alluvial gold is concerned, appear to 
have been exhausted; and that mining operations, limited at 
present to a depth of 100 feet, have been entirely confined to 
veins, very rich in places, but ioo small for profitable mining enter- 
prise. The workings, however, have exposed a formation, portions of 
which have yielded an assay value ranging from 10 grains per ton 
to loz. 1 5dwts. per ton, and to the speculative value of which a 
great deal has been recently added by the appearance in the deepest 
workings of the mineral " Petzite." 

C. P. V. JACKSON, 

Assistant Government Geologist. 
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PREFATORY NOTE. 



fHE notes whicb form the subject matter of this BuUetin were 
ooinpiled by Mr. E. S. Simpson, primarily for the purpose of 
meeting a much needed want on the part of the different members 
of the staff in dealing with the numerous inquiries on the part of 
the general public, in connection with what may be called Com- 
mereial Mineralogy. 

A good deal of the information is scattered through various 
loeatific and other serial publications, which are not readily 
accessible, and it has been felt that the publication of the data 
vould possibly serve a much felt want in the State. 

Especial reference has been made in the report to those 
minerals wliich have so far been found to occur in Western 
iustralia, and the figures in heavy type refer to the registration 
niunber of the specimens in the collection of the Geological Survey, 
that facilitating reference at any time. 

The manuscript, on being submitted to the Hon. the Minister 
(or Mines, was ordered to be printed for public information. 

The index has been prepared by myself. 

A. GIBB MAITLAND, 

Government Geologist. 
Geological Survey Office, 
Perth, 9th November, 1904. 



MINERALS OF ECONOMIC VALUE. 



INTRODUCTION. 



The notes upon which this Bulletin has been based were 
first prepared at odd intervals during the last five jears in order 
that information might be given to officers of the Geological Staff 
and anofficial inquirers in regard to the less well-known minerals 
which have a market value either locally or in the great centres of 
the world's manufactnrins: industries. 

For many years gold was almost the only mineral which 
attracted the attention of the lay and expert pubUc in Western 
Australia, but recently more frequent inquiries have been made 
with regard to other sources of mineral wealth. In order to meet 
these, and if possible interest a larger number of prospectors and 
others in our latent possibilities in other directions, the original 
notes have been considerably enlarged and cast into a suitable form 
for publication. 

A review of mineral statistics for the past few years shows 
that the five most valuable mineral products of the world are coal, 
clay, gold, iron ore, and petroleum. The total production of these 
in the whole world during 1903 may he roughly estimated by the 
following figures : — 

Coal .£250,000,000 

Clay 80,000.000 

Gold 60,000.000 

Iron ore 40,000,000 

Petroleum 30,000,000 

If the space devoted to each mineral in the following pages 
had been therefore dependent upon its value to mankind, an 
overwhelming proportion of the Bulletin would have been devoted 
to these five mineral groups. All of them are, however, of wide 
distribution and readily recognised, so that they have not been 
dealt with at any great length. Bather has it been deemed 
advisable to describe more fully the lesser known species, which 
from their rarity often command exceptional prices. 

This Bulletin does not pretend to be a text-book of Mineralogy ; 
it has, however, been found necessary, in order to facilitat,e the 
recognition of the various minerals, to give a short description of 
the appearance and character of each. In the case of precious 
stones this description has necessarily been in somewhat more 
detail than in the case of other minerals. In these descriptions the 
symbol "G-" has been used instead of the words '* Specific Gravity,'' 
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and the symbol '' H '* for " Hardness " according to Mohr*8 scale. 
The following approximate terms have been used in connection with 
the hardness : — 



Hardness 1. Talc 

„ 2. Gypsum 

„ 8. Calcite 

^ 4. Huorite 

,, 6. Apatite 

„ 6. Feldspar 

„ 7. Quartz 

8. Topaz 

„ 9. Sapphire 

„ 10. Diamond 



Very soft 

n tt 

Soft 

»> 
Hard 

n 
tt 

Very hard 



Wherever possible reference has been made to specimens in 
the Museum oi the Geological Survey. 

The cemmeroial value of most minerals depends ufKMi their 
freedom from mechanically admixed i;B^uritie» and upon their 
chemical composition, which even in absolutely clean, pvR-e specimekB 
is liable to some slight variation due to isomorphous replacement. 
Even tractes of certain substances present from either of these 
causes at times have a marked effect upon the value of the bulk 
sample. For this reason, as far as possible, these objectionable 
constituents have been pointed out in the following pages. TThe 
percentages of the various constituents given are those found in 
the clean mineral freed from all mechanicsd impurity. 

The many works referred to in preparing these notes oanntit; 
all be indicated, but I am especially indebted to the various volumes 
of the "Mineral Industry, to Dana's "Svstem of Mineralogy/' 
Browning's " Introduction to the Rarer Elements/' Wagner and 
Crooke's " Manual of Chemical Technology," and Streeter's 
" Precious Stones and Gems." 



ALUMINIUM. 

Aluminium compounds are amongst the commonest constituents 
of the earth's crust, but it was not till 1827 that the pure metal was 
first prepared, whilst it is only within the last fifteen years that the 
cost of its production has been so cheapened as to bring it into 
rivalry with other more familiar metals. 

The chief properties of aluminium which givie ift itspreBOflfc 
high importance in the arts are its lightness (it« specific gravitrf is 
only 2' 7 or about one^third that of iron), strength, high eleetric 
conductivity, non^poisonous character of its oompounds, pleafliiig 
silver- white colour not readily tarnished «r corroded, sonovonsnesa, 
great affinity for oxygen, and finally the great modifications it pro- 
duces in the properties of other metals when alloyed with them. It 
is also very, malleable and ductile and a good conductor of heat. 

Though compounds of aluminium are very abundant in natupe, 
but few of them can be utilised as a source of the metal or its com- 
pounds. The most important of these are the hydrates, haiiiDto, 
gibbsite, and diaspore, and the double fluoride of sodium amd 



ftlammiwi known m cryolite. Cla^K, felspar, ajid other silioaieii of 
aluminium with other meiab, ave seldom if einer used as a bouf«» of 
the metal or its definite compounds, and with thu exception of clay 
wifl be dealt with under another heading (see pag^ 11)- 

The best conimereiaj alumiaium contains 99 to 99^ per cent, of 
the pufe metals the balance bein^ mainly silicon and iron. Inferior 
S^raaes of metal contain 92 to 99 per cent, of the pure meital* 
ijluminiam is lai^elj used for cooking and other domestic utenailB» 
for armj equipments, held glasses, and other uses where ligbtm^ss 
and durabilitj are essentials. Its sonorousness and lightness have 
led to its use in sounding boards fov musical iustmmeais and- large 
pabiic balk. Weight f ov weight, aluMmiuni' is about as strong as the 
best steel lad is much ntore durable, so that it iaeapable of leplaein^ 
that metal to a large extent wheve ejipease is a secondary considera- 
tka. It has largely veplaeed siher for toilet, ornamental, and surgieal 
avticles, and as foil. Lithographic plates have been made of 
aluminium, as well as horseshoes, parts o^ vehicles, scientific instru- 
iQents, etc. Powdered alumiaium has a strong affinity for oxygen, 
and is tbeiefore used for the production of fla^h-ligbts, the reduction 
of many metals from their ores, and the prevention of flaws in si^eel 
and iroa castings. 

Tha moet important alloys of aluminium are those with coppei 
bnewn a0 aluminium-brimaes. Them aJlloya a«e light aad vcvy 
itfong and reeiat corrosion, with the lesult that they have been 
horgely used for racing yachts^ fiying^roaohinesi propellevs, eto. 
Ferro^uminium, an alloy ol iroa and alumimmn, is propaied ta 
add to steel to products sound casting* ov renobr it more easily 
welded. Various alloys of aluminium with nickel,, ooppev, zinc, etc., 
are used for ornamental and other pur{¥}ses. 

Many artificial compounds of ahiminiam are used in the arts, 
chief among them being aJum, sulphate of aluminium and potas- 
rinm. This is largely used in sizing paper, dyeing, manufacture of 
the pigments known as '* lakes," hardening plaster of Paris, tanning 
ind curing, clarifying water and other liquids, purifying sewage, 
etc. Aluminium sulphate is used for the same purposes as alum. 
Sodium ahiminate is osed in dyeing and printing, in hardening 
ottioral stone and making artificial stone, and in sti^arine candW 
manufacture. Alumiaium acetate ia used in dyeing. UltramaruM^ 
a brilliant blue compound of aluminium, sodium, sulphur, and 
silica, is extensively used as a pigment and dye, and for blueing 
linen, paper, augar, candles, etc. 

Aliunuiiuiii oxide (alumina), hydrate, chloride, and fluoride 
are manufactured on a large scale as intermediate products in tbe 
eonversion of ores into metallic aluminium. 

Corundum. — Oxide of aluminium, AI3O3. Aluminium, 58 
per cent. The impure variety known as emery contains iron 
oxide, and is therefore poorer in aluminium. Crystallised, massive, 
or granular. Grey or tinted, translucent. (The rare transparent 
highly-coloured varieties are valuaUe gems, see Ruby and 
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Sapphire.) Very hard, brittle. G., 4*0. Found in veins or 
pockets in crjstaUine rocks, or in riyer gravels. 

Uses. — Chiefly used as an abrasive, though to a slight extent 
it has been smelted into metal. For either purpose the purer the 
mineral the more valuable it is. Mechanically admixed impurities 
can be removed by mechanical concentration, but not so the iron 
oxide in the darker varieties known as emery. Exceptionally pure 
hard crystals fetch a high price for cutting and polishing diamonds 
and other gems. 

Bauxite. — Hydrate of aluminium, with various proportions 
of hydrate of iron. Aluminium, 18 to 39 per cent. ; alumina, 8*5 to 
74 per cent. Massive, earthy, or concretionary. Grey, yellow, 
brown; opaque. Soft or hard. G., 2*5. Occurs very rarely in 
veins ; commonly in superficial deposits produced by the weathering 
of crystalline rocks in situ, or the collection in lake beds or hollows 
of the products of denudation. 

Uses. — This is the most important source of the metal and its 
compounds. Its value depends directly upon the percentage of 
alumina present, and upon the smallness of the iron content. 
Bauxite with more than 3 per cent, of iron oxide is of little value 
for the production of alum, etc. Most bauxites contain some silica 
and alumina in combination as kaolin ; an ore containing any given 
amount of alumina and silica is of less value when these constituents 
are chemically combined than when they are merely mechanicallj 
intermixed. Bauxite is also used in the manufacture of very high 
g^rade and refractory crucibles and firebricks. 

T. 197.— High grade Bauxite, Georgia, U.S.A. 
T. 198.-— Clay-like Bauxite, Co. Antrim, Ireland. 
3148. —Ferruginous Bauxite, Smith's Mill. Contains alumina^ 

47 per oent. ; iron oxide, 10 per oent. 
997. — Ferruginous Bauxite, Wongan Hills. Contains alumina^ 
45 per oent. ; iron oxide, 19 per oent. 

GIbbslte. — Hydrate of aluminium, with sometimes oxide of 
iron. Aluminium, 32 to 34 per cent. ; alumina, 60 to 65 per cent. 
Much so called bauxite is in reality gibbsite, or a mixture of the 
two. Crystallised, massive, concretionary, or stalactitic. White, 
grey, yellow, red ; translucent or opaque. Soft, tough. 0-., 2*4. 

Uses, etc. — Same as bauxite. 

Cryolite. — Fluoride of aluminium and sodium, NajAlF^. 
Aluminium, 13 per cent. Crystallised or massive, cleavable. 
Colourless, white or tinted, transparent or translucent, glassy lustre. 
Soft, brittle. G., 30. Occurs chiefly in Greenland in a vein in 
granite. 

Uses. — A valuable ore of aluminium owing to its easy fusibility, 
and capacity for dissolving alumina. It is also used as a constituent 
of a variety of glass. 

T. 196.--Cr7olite, Ivigtut, Greenland. 



11 

Kaolin. — ^Hydrated silicate of alinninium. Aluminium, 20 
per cent.; alumina, 89 per cent. Massive, compact, friable, or 
seal J. t^ite, grey, or tinted. Opaque; scales, translucent. 
Soft. G..2-6. 

Claj is mainly kaolin admixed witb more or less finely divided 
quarts, feUpar, iron oxide, or organic matter, and occurs either in 
ndimentarj beds or in $itu as the result of weathering of igneous 
rocks. 

Uses.— Clays vary largely in composition, colour, plasticity, 
and behaviour under heat, and according to the variations in these 
properties are found suitable for various purposes. An actual 
manufacturing test is the most satisfactory, and in some cases the 
only way of determining their utility. According to their purity, 
days may be divided for commercial purposes into three classes, as 
follow : — 

China Clay. — This is the purest form of kaolin used in the 
manufacture of porcelain and china » and to a less extent as a 
" filling " for paper. Finely divided quartz up to 25 per cent, does 
not decrease its value, but it must be sufficiently free from oxide of 
iron to remain white after baking, and also be sufficiently infusible 
to resist melting during that process. For the latter reason it must 
be free from any notable amount of lime or alkalies. The more 
pkstic the clay, and the less shrinkage experienced in baking, the 
more valuable is it. Workable deposits of this variety of the 
mineral are usually in the form of irregular surface masses, result- 
ing from the decomposition in tiiu of granite, though they are 
occasionally found in alluvial deposits. 

Fire Clay. --The clays used for making refractory bricks, etc., 
are usually not as pure as china clay, but should not contain more 
than four per cent, of impurities other than quartz and organic 
matter. The best clays for this purpose are usually found in the 
coal measures immediately beneath the seams of coal, though they 
may also be found in similar situations to china clay. The best 
fire clays will stand intense heat without fusion or great shrinkage, 
Till resist to a large extent the corroding action of fused mineral 
mbstances, and are not affected by sudden and great changes of 
temperature. 

The finest grades of fire clay are employed in the manufacture 
of pots for melting glass, but by far the largest proportion of the 
total production is converted into fire brick for fire-places and 
fnmaces, and as mortar to bind fire biicks. Large quantities are 
nsed for making crucibles for assaying and other purposes. 
Poorer qualities are used to make stone-ware, drain pipes, etc. 
The refractoriness of a fireclay depends almost entirely upon its 
chemical composition, more than 5 per cent, of fluxes (oxides of 
lime, iron, alkalies, etc.) reducing its melting point considerably. 
The more plastic a fire clay, the denser and stronger will be the 
resultant fire brick, but the greater will be the shrinkage on 
burning. 
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Briok Clay is the commonest and kast pure of all useful clajB. 
Aoj ordinarj clay can be made into bricks, but Jthe best ave made 
fa^om ciaja containing not less tban 60 per cent, of kHieUn, oi^ a 
very small proportion of coarse sand, and free from pyrites «ad 
from concretions of iron oxide or carbonate of lime. 

Alum Shah is a clay Took oentaining a considenuble proportma 
of pyrites or marcasite, which on weathering, or roasting «Ml 
leaching, yields aluminium sulphate and alum. 

8K3.-*-Ohina Olay, North Lead, Kanowns. 

I^SOS.-— i^tre Clay, Kortib Lead, EfOUMma. 

8163.— P»e Clay. Smith's MiU. 

.0796.— Brick Clay, North Lead, Kaaowna. 

Alutiita. — Hydrous sulphate of aluminium and potassium. 
Alumina, 37 per cent. ; potash, 11 percent. Massive or crystallisecl. 
Soft, brittle. White, grey, or pink. Transparent to almost opaque. 
O.. 2-6. 

Occurs as irregular pipes or veins in trachytic or granitic rooka. 

Uses. — A eonunon source of alum and aluminium sulphate. 

ANTIMONf. 

Airtimony has been known from time immemorial, an aauMMfc 
Chaldean vase having been discovered made of this mt^l. It is «, 
brilliant silver- white metal, coarsely crystalline in "structure when 
melted and cooled slowly, but granular when quickly oooled. It ib 
hard and very brittle, not affected by the air at oidinary tempera^ 
tures, but, on heating, bums with the production of the oxide. It is 
attacked by most mineral acids. 

The metal occurs native in several pai'ts of the world, usually 
in veins in crystalline rocks. It is not, however, an important ore. 
The most common ore is the sulphide, stibnite, which, at the surface, 
is found altered to one or other of the oxides, cervantite, etc. An 
oi^sulphide, kermesite, has been mined in Italy. Antimony orea 
occur in veins of quartz or calcite in slates, granites, and* other 
crystalline rocks. 

Though known for so long, the use of antimony in the arts has 
never been very extended ; even now, practically, its only use is in 
tlie form of lUloys with other metals, which are thereby rendered 
harder and more lustrous. The most important of all antimony 
alloys are those with lead. Type metal is an alloy of lead, tin, and 
aadmony. The hard lead used for coffins, and for pumps and pipes, 
and acia chamber linings in chemical factories, contains several 
per cent, of antimony. Britannia metal, pewter, and many antt- 
friotion metals contain a considerable percentage of this metal. 
Much of the antimony used for the prepamtion of these alloys 
o^mes into the market in the form of antimonial or hard lead» a 
by-product of lead smelters. It contains 18*27 per cent, of 
antimony. 



13 

Of artificial compMads, the most important ii 4he th^sulpUde, 
which is one of the chief constituents of the heads of safety matches, 
md is also med in pyrotechny and medicine. The penta-sulphide 
is naed to vulcanise caoutchouc. Potassium antimonate, or tartar 
emetic, is used in medicine and as a constituent of certain varieties 
of giaas. Neapolitan jellow, lead antimonate, is used as a pigment, 
and as a ooDatituent of stained glass. Antimony-cinnabar (an otj- 
sulphide) is used as a pigment. 

Stibnite. — Trisulphide of antimony, Sb^S^. Antimony, 71 
par cent. Coirsely or finely crystallised, massive or granular. Lead 
eolonred and brilliant or iridescent ; opaque. Very soft and easily 
fusible. G., 46. 

Uses. — Ihis is .the chief ore of antimony and jnost importaAt 
aowroe ckf the metal and its compounds. For export, it should be 
lirsased by hand or otherwise up to at least 50 per cent. By heat- 
iig it may be melted and run 4>ff from the gangue and cast into 
iiairts for export. The value of the 4)oncentrates wiU depend not 
ouy on their 'Oontents in the metal but also on their freedom from 
eomponnds of arsenic and lead, and in many cases upon the propor- 
tion of gold and silver present. 

MnL--MaMive Stibnite, Mallina. 
3706.--OT7Btallised Stibnite, Mt. Magnet. 
1371— OrystaUiBed Stibnite, Metz, N.S.W. 

Kermesite. — Oxysnlphide of antimony, Sb^SftO. Antimony, 
U per cent. Usually crystallised. Bed, opaque, brilliant lastve. 
Tery soft, sectile. G., 4*5. 

Usee.— Sometimes occurs in sufficient quantity to fonn a source 
of the metal. 

Valentinlte.— Trioxide of antimony, SbjOg. Antimony, 83 
per csnt. Crystallised or massive, granular. Brilliant lustre; 
^ite, pink, or grey ; translucent. Soft. G., 5'6. 

Uses. — Used as a source of the metal and its compounds. 
laOL— OiTstalUaed Valsntinite. HiUgrove, N.&W. 
T. 10.-~Masnve Yalentiatte, Borneo. 

Cervantlte.— Tetroxide of antimony, Sbj04. Atitimony, 79 

Sr cent. Crrstailised or massive. Yellow, opaoiie. Soft, brittle. 
.,4^. ^^ 

Uses. — ^Used as a source of the metal and its eomponnds. 
1021. — Massive Cerrantite, Wilnna. 
5195. — Cervantlte crast on Stibnite, Mallina. 

ARSENIC. 

Aiaenic in its properties lies on the borderland betweoi the 
■Hials and the non*metals. It was known to the Attoient Greeks. 
ft ia a ateel^gr^ crystalline solid of metallic appearanoe, bxittfe, 
and a good conductor of electricity. It tarnishes raptdfy in moist 
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air, and when heated volatilises without melting. It is somewhat 
lighter than antimony. 

Arsenic occurs occasionally uncombined in nature, but its 
commonest ore is mispickel, a sulpharsenide of iron. Sulphides of 
arsenic occur native, as also arsenides of iron nickel and cobalt. 
Arsenic and its compounds usually occur in veins in crystalline 
rocks. 

The element has no use in the arts except to add to lead for 
making shot. 

Of its artificial compounds the most important is the trioxide, 
known as white arsenic. Owing to its extremely poisonous 
character large quantities of white arsenic are used to destroy 
vermin and insect pests, and also as a preservative of timber, skins, 
leather, etc. It is also used to prevent and cure foot-rot in sheep. 
Large quantities are used to produce, several green pigments 
(notably Paris green), which are compounds of this oxide with oxide 
of copper, etc. It also enters into the composition of some varieties 
of glass. Several compounds of arsenic are used in medicine. 

Mispickel (Arsenical Pyrites, Arsenopyrlte). — 

Sulpharsenide of iron, PeAsS. Arsenic, 46 per cent. Crystallised 
or massive. Light grey, metallic, brilliant, opaque. Brittle, hard. 
G.. 60. 

Uses. — Used as a source of white arsenic, etc. Some samples 
contain a notable proportion of gold or cobalt, which will pay for 
extraction, when white arsenic may be collected as a by-product 
during the necessary roasting. 

1112* — Mispickel, Coolgardie. 
T. 142. — Mispickel, Nova Scotia. 

BARIUM. 

This metal, which resembles calcium but is much more 
uncommon, was first separated early in the 19th century, though 
some of its compounds were known as far back as the 1 7th century. 
It is silver white, soft, and readily oxidises in the air. At ordinary 
temperatures it decomposes water with the evolution of hydrogen. 
At a dull red heat it melts. 

Barium does not occur native. Its most important ore is the 
sulphate, barytes, which occurs either in veins in crystalline or 
other rocks or as boulders in residual clays resulting from the 
weathering of limestone. A less common though valuable ore is 
the carbonate, witherite, workable deposits of which occur as veins 
in limestone, etc. 

Neither metallic barium nor alloys of it with other metals 
have any application in the arts. Pure artificial barium sulphate 
or bianc fixe is used for the same purposes as the mineral sulphate, 
q.v. It forms the chief constituent of *' lithophone," a white 
paint which has largely replaced white lead for many purposes. 
The hydrate is extensively used to extract sugar from molasses, as 
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vdl as to make white paints and to soften boiler waters. Barium 
peroxide is used to prepare hydrogen peroxide and oxygenated 
^ter for bleacldng, etc. The chloride is used in making paint as 
ibo the sulphide. This latter compound is also used to remove 
kir from hides, etc. The carbonate is used in manufacturing 
cfanides and file bricks. 

Barytes.—Sulphate of barium, BaSO^. Baryta (barium 
fxide), 65 per cent. Crystallised, laminated, or granular massive. 
White or tinted, transparent to opaque. Brittle, soft. Q-., 4*5. 

Uses. — After cleaning and grinding is added to white lead and 
BDC white. It is used in weighting and filling paper, making 
eoimels and porcelain, in pyrotechny, and as a source of various 
larium compoirnds. The value of barvtes depends upon its 
freedom from mechanically and chemically contuned impurities, 
opeeiallj from iron compounds and other colouring materials. 
1104. — Massive Barytes, Northampton. 
445L— Ciystallised Barjtes, Oakover fiiver. 

Witherite. — Carbonate of barium, BaCOj. Baryta, 77 per 
«t. Crjstalliied, massive, or globular. White, grey, or yellow, 
taslucent. Soft, brittle. G., 4*3. 

Uses. — Ad important source of all barium compounds, especially 
4e peroxide. 

BISMUTH. 

This metal has been known to chemists for some centuries, 
ibiigh it is comparatively rare. It is a hard brittle metal of a 
fck reddish grey colour, and coarsely crystalline in structure when 
dowly cooled after fusion. It oxidises slowly in air at ordinary 
temperatures, more rapidly on heating. It dissolves readily in 
Mst mineral acids. Its specific gravity is between those of copper 
ad silver. 

Bismuth occurs in nature as the almost pure metal as well as 
^ lolphide, bismuthinite, and the carbonate, bismutite. These 
MS the only important ores, though bismuth also occurs as the 
(Bide and telluride, and in several complex sulphides of lead and 
ODpper. Bismuth ores are found in veins of quartz or calcite, in 
alsfces, or crystalline rocks. 

The market for bismuth ores is strictly limited, and is con- 
tfoOed by Messrs. Johnson, Matthey & Co., of London^ and the 
Government of Saxony. 

The metal bismuth is onlv employed in the form of allovs, 
many of which are of considerable value. Fusible metal is an alloy 
of bismuth, lead, and tin, and sometimes cadmium, which melts at 
a very low temperature, which can be varied by varying the 
rdative proportions of the constituents. Owing to its expansion 
on solidification it gives a very perfect cast, and for this reason is 
used for stereotyping, making casts of woodcuts, etc. On account 
ci its low and adjustable melting point it is used for safety plugs 
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foe boilers, for automatic fii« exting^kn>s, for batha, for teatpac^ 
ing Bl6al» and for aoklers, Tbe pencils for writiiif^ on so oiUack 
mataUie paper ave mada'of a biamuth alloy. 

Bismuth oxide is used as a constitueat of optical glass asd of 
various glazes for porcelain and stained gUsa. Basic bismuth 
nitrate is largely used in medicine and also as a cosmetic. Several 
ol^er biamfol^ oomponnda are uaed in nedieine. 

Bismuth (Native). — Foae InaiiiMtk, di to 90< par oantr. 
Opaque metallic, reddiab white to reddi&b grey. Foliated, maasiye 
or giraimlar, Brittto, sectile. V4»ry soft. (J,^ 9*8. 

Uae&>^~Thia ia the chiaf somroe of bunrath and ita compoonds* 
Oie aa^ k>w in gmda aa 5 per cent, ia saleable, but it is mom 
eaoDomioal to haadpiok ur oifaeirwise dress the ove up to at least 35 
per cent, beloie exporting. Gold and sonwtimea silvcar are 08»^. 
stituents of native bismuth^ and contnbute largely to the value of 
the ore. The presence of tellurium iu biamuth ore ia a decided 
drawback, as it injures the qualities of the smelted metal. 

2808. — ^AuriiaroQA Bisiniith in Quarts,. Yalgpo. Ore assays bismuth,. 
2*6 per oent. ; gold^ 70*0 ozs. per ton ; silver, 8^ oza. per 
ton. 

Bismuthinite.— Sulphide of bismuth, Bi^S,. Biamuth, 81 
per cent. Sometimes crystallised, usually foliated or fibrous 
massive. Metallic, opaque, lead grey. Very soft. G., 6*4. 

Uses. — ^A less common ore of bismuth. (See remarks under 
Native Bismuth.) 

X, 1^— Bismuthinlte« Cornwall, England. 

BlsiTHttfte. — Hydra^ed carbonate of bnmuth. Blamutb, 80- 
per cent. Opaque, earthy, oi^ in cmsta. ^hite, yeliew» or greeniali. 
Soft. G., 7-0. 

Uses.— i90e remarks under Bismuthinite. 

BORON. 

This non-metaBie element waa first aeparated vn the elemental 
state in 1808, but ita moat important compotmd, bovax, haa bean 
known for several centuries. Boron is a light brown pewder, v er y 
infusible, and a atvong reducing agent. 

Boron does not occur native. The most widely-distributed 
compound of it is tourmaline, a complex silicate of l)oron, aluminium, 
etc., frequeaitly ooeurring aa a constituent oi granite. This 
mineral i»» however, HMot a source of the commercial oompoua&da. e£ 
boron. These are derived frost dsfosita of aasaoiite (boracio somLX 
borax (sodium borate), cokmanite (calcium bora^)» and boraoite 
(magneahim chloro-borate). Saaaohte ia obtained from hot springs- r 
the o4lwr boron minerals are found m reeest bedav uaiiaUy iai 
masahea or dry lakea in deaert regiona and in the oeighbourhood of 
tourmaline-granitea^ 
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By far the mo«t important compound of boron is borax, the 
iHes «f whidi are deaeribed under the natiye mineral. Boracic 
acid i» alao of considerable use as described under sassoiite. The 
anconbined element has no application in the arts. 

Sassoiite. — Boracic acid, HjBOs. Boron trioxide 56 per 
cent. Scalj or stalactitic. White, transparent, or translucent. 
7eiT soft. 0^., 1*5. Oecurs solid in volcanic regions, or dissolved 
in the waters of hot springs. 

Uses. — ^The crude mineral is purified bv crystallisation, and is 
then used as an antiseptic and food preaervatiye as well as for 
sundry medicinal pvirposes. 

Borax (Native). — Hydrous borate of sodium ; boron trioxide, 
B7 per cent. Crystalline, white, brittle. Transluc^it to opaque. 
8oft. G., 1*7. Occurs as a crystalline efflorescence on the surface 
of diy lakes and iti cry(»tals embedded in the mud beneath them. 
Also in solution in waters of arid regions. 

Uses.— The crude mineral is purified by recrystallisation and 
k then used as a food preservative and antiseptic, as a flux in many 
metallurgical operations, as a constituent of glass, artificial gem h, 
enamels, and pottery -glazes, as a flux in welding and soldering, for 
nftening water, and for various medicinal purposes. 

Colemanite* — Hydrous borate of calcium. Boron trioxide, 
51 per cent. Crvstallised or massive. White, bnlliant lustre, 
tiansparent to translucent. Hard. G., 24. Occurs in recent or 
aodent lake beds similarly to borax. 

Uses. — An important source of boracic acid and borax. Valoe 
depends upon percentage of boron trioxide. 

Boracite. — Chloro- borate of magnesium. Boron trioxide^ 
62 per cent. Crystallised or granular massive. White, translucent. 
H^. O-., 29. Occurs interbedded with salt and gypsum in ancient 
like beds. 

Usee. — A source of boracic acid and borax. Value depends 
ipon paroentage of boron trioxide. 

CADMIUM. 

This rare metal, discovered early in the 19th century, closely 
resembles zinc in appearance and properties, and is usually associated 
in nature with that metal. It is bluish white in colour, malleable 
Uid ductile. It tarnishes readily in the air, and at a high tempera- 
ture bums. Its weight is the same as that of copper. 

Cadmium does not occur native, but is known as a sulphide, 
greenockite. The chief sources of the metal are, however, cadmiferous 
varieties of the zinc ores blende and smithsonite, cadmium being 
obtained aa a by-product in the smelting of such ores for zinc. 

MetftUie cadmium is used to a slight extent in analytical 
chenistry and aa a constituent of certain fusible metals. An alloy 
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of silver and cadmium is used for plating purposes, for which it is 
found very advantageous. It has also been proposed to use the 
metal as a coating for battery terminals and connections. Cadmium 
sulphide is used as a pigment and in pyrotechny» and the iodide in 
photography. 

Greenockite. — Sulphide of cadmium, CdS. Cadmium, 77 
per cent. Crystallised, yellow, brilliant lustre, translucent. Brittle, 
soft, a., 5 0. 

Uses. — A minor source of cadmium and its compounds. 

Cadmiferous Blende. — Sulphide of zinc and cadmium 
(ZnCd)S. Cadmium up to 5 per cent. Resembles ordinary 
blende. See page 61. 

Uses. — Chief source of cadmium, obtained as a bye-product 
in smelting for zinc. 

4S8SL — CadmiferouB Blende, Northampton. 

Cadmiferous Smithsonite. — Carbonate of zinc and 
cadmium, (ZnCd)C03. Cadmium, up to 3 per cent. Resembles 
ordinary smithsonite, q,v. page 61. 

Uses. — A source of cadmium and its compounds. 

CALCIUM. 

Though compounds of calcium are amongst the commonest 
minerals on the earth's surface, and their properties have in many 
cases been known for centuries, the metal itself was only obtained 
in a state which permitted of handling and examination in 1856. 
It is a soft yellowish metal, somewhat stable in perfectly dry air, but 
readily converted into the oxide (lime) in moist air, and acted on by 
water with violence. It is one of the lightest metals known, being 
much lighter than aluminium. 

Calcium does not occur in nature in the metallic state. Its 
commonest compound is the carbonate, calcite, which forms the 
chief constituent of all limestones, as well as of the shells of 
mollusca. In combination with silica, calcium forms a large pro- 
portion of many igneous rocks ; the hydrated sulphate, gypsum, is 
of common occurrence. Phosphate of calcium forms the chief 
constituent of the bones of men and animals, as well as occurring 
as rock phosphate and in guano. 

The metal itself has not as yet been put to any useful pur- 
poses. Its most useful artificial compound is the oxide, known as 
lime, formed by burning calcite in the form of limestone. Portland 
cement is a mixed silicate and aluminate of calcium formed by 
burning a natural or artificial mixture of calcite and clay. A Yery 
pure limestone on burning yields a fat or pure lime, one with a 
little clay yields a hydraulic lime, capable of setting under water, 
one with still more clay yields a hydraulic (or Portland) cement. 
Though the chief use of lime is for building, large quantities of it 
are also employed for other purposes, such as the preparation of 
bleaching powder (chloride of lime), ammonia, caustic soda, and 
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<»iMtic potasL for purifying water, in cyanide works for neutralis- 
ing acid, and for variouB other metallurgical purposes, as well as a 
fertiliser. 

Sulphate of lime, produced by burning gypsum, is known as 
Plaster of Paris, and is employed either solely or with various added 
chemicals for finishing oft the interior walls of buildings, as well 
w for making various mouldings and castings. '* Superphosphate," 
a material largely used as a fertiliser, is a mixture of calcium 
lulphate and 4cid calcium phosphate, formed by acting on natural 
lime phosphates with sulphuric acid. 

Chloride of lime or bleaching powder, used extensively for 
disinfecting aad for bleaching, is a compound formed by allowing 
fat lime to absorb chlorine gas. Calcium carbide, now used to 
generate acetjlene gas for lighting purposes, is a compound obtained 
b? smelting together charcoal, or coke, and lime in an electric 
fmnace. 

Calcite.- - Carbonate of calcium, CaCOj. Lime, 56 per cent.; 
esrbon dioxide, 44 per cent. Crystallised or massive, white, or 
tinted varioui colours, transparent or opaque. O., 2*7. Calcite 
forms rock nusses under the names of limestone and marble. 

Uses. — Chiefly used for burning into lime. To make the best 
lime for morttr or for use in preparing other calcium compounds or 
for other chemical purposes, the limestone should be practically free 
from silica, alumina, iron, and magnesia. For making Portland 
cement limestone should be free from iron, magnesia, and sulphur, 
bat may with advantage contain silica and alumina equivalent to 
anything up to 25 per cent, of clay. A limestone containing in itself 
soffident clay to form a Portland cement is known as a " natural 
tmeni-rock.'' 

Immense quantities of limestone are used for building purposes, 
for which the chief requisites are strengtii, freedom from pores, and 
opacity for resisting the weather. 

Large quantities of limestone are used as a flux in smelting ore 
rfiron, lead, copper, etc. For this purpose it is necessary that the 
4one should be rich in lime and low in silica (not more than 5 
}tx cent.) and sulphur. Small proportions of iron and magnesia do 
Xrt affect its value for this purpose. 

The second constituent of calcite, viz., OArbon dioxide or 
carbonic acid gas, is obtained from it by the action of suphuric acid, 
and is largely used in aerated water factories, etc. Any pure lime- 
stone is suitable for this purpose. 

Perfectly transparent flawless crystals of calcite (Iceland Spar) 
are of considerable value for optical purposes. 
2086.— Oaldte Crystals, Coolgardie. 
1015.— CryBtalline Massive Calcite, Brood Arrow. 
4i71-73.— Stalactitio and stalagmitic Calcite, Blackboy Hollow Cave, 
Sussex District. 
fi371.-- Calcite (Travertine), Leonora. 
4131.— Limestone, fiottneet Island. 
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Dolomite. — Carbonate of oaloium and magnesium (Oal£^) 
GG,. Lime» 30 per cent; carbon dioxide, 47 per oent. Similar to 
calcite, but slightij heavier. Forms rock- masses under the name of 
magnenan limestone or dolomite. 

Uses. — With a natural or artificial admixture of clay, is burnt 
to form Rosendale hydraulic oement» for which purpose it should be 
low in iron and sulphur. Used in case of ordinary limestone as a 
flux, when the silicA pres^it should not exceed 5 per cent. Also 
used as a source of carbonic acid, for which purpose it is, if anythin^tt 
more valuable than ordinair limestone. Large quantities are used 
as buildiug stone. Sometimes used as a source of magnesia. 

1968. — Orfstalliaed Dolomite, Goongonie. 

534S.— Orystalline masstre Dolomite, Porlelle. 

Gypsum.— Hjdrated sulphate of calcium, CaS042H,O. 
Lime 32 per cent. Colourless, white or tinted; transparent to 
opaque ; very soft. In large crystals, or crystalline masses, or as a 
fine crystalline powder. G-., 2'8. Workable deposits occur in the 
beds of dry lakes or in sedimentary beds. 

Uses.— Chiefly used in the manufacture of Plaster of Pans and 
various patent plasters. For this purpose it must be very pure and 
especially free from iron oxide, which would give the plaster au 
objectionable tint. It is used occasionally as a fertiliser, especially 
for grape vines. The massive variety, alahasier, is extensively carved 
into ornamental vases, etc. 

5055. — Powdery Gypsum, near Cliffy Head, Victoria Distriot. 

1504. — Clear Crystallised Gypsum, Mingenew« 

2360. — Fibrous Gypsum, Boulder. 

Apatite. — Phosphate and chloride or fluoride of calcium^ 
dCa^PaOsCa (FCl),. Lime, 54 per cent. ; phosphorus pentoxide, 
41 per cent. Massive or crystallised ; white or tinted ; transparent 
to opaque ; brittle, hard. &., 3'2. Payable deposits occur in veins 
and bunches in pyroxenite and other crystalline rocks. 

Phosphorite or Bock-phosphate ts an impure apatite occurring in 
irregular beds or nodules in limestone. 

OtMtno, the earthy or hardened excreta of sea-birds, consists 
largely of macerated bones of fish, and therefore of impure calcium 
phosphate. 

Uses. — The main use of apatite and similar compounds is as a 
fertiliser, either in the crude state or after conversion into " super- 
phosphate.** They are also used as a source of phosphorus, largely 
employed in the match industry, etc., and in the manufacture of 
white opaque glass. For these purposes the value of the ore 
depends upon the percentage of phosphonis pentoxide present. In 
addition to calcium phosphate, guano also contains ammonia and 
other nitrogen compounds, which add to its value as a fertiliser. Its 
value, therefore, depends primarily on the percentage of phosphorus 
pentoxide, next upon the percentage of nitrogen present. For use 
in the manufactui-e of superphosphate over 8 per c^nt. of oxides of 
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iron and alumna is looked upon as a serious drawback in any sample 
of rock pbosplate or apatite ; while the preseiiioe of a few per cent. 
of carbonate ol lime is an advantage. For export, ro<^ phosphate 
should contain not less than 65 percent, of calcium phosphate ; for 
local consumpton, not less than 55 per Cent. 
5189. — B>ck Phosphate, Clinton, 8^. 

Fluorlte [Fluorspar). — Fluoride of caloium/CaFj. 'Oaloium 
»l per eent.; fiiorine, 49 per cent. Crystallised, massiTe or granular, 
fnuisparent to translucent. Colourless or tinted Tarious colours. 
Soft, brittle. 4., 3*2. Occurs usually in veins in limestones and 
niious crystallkie rocks. 

Uses. — Fluorspar is mainly used as a flux, in tiie open-'bearth 
Kthod of prodicing steeL and in remelting pig iron in fovmdrMs. 
It is frequentJf used to add to smeltiug mixtures not otherwise 
ndily fusible, whilst it is said to assist materially in purifyinf^ 
nde copper. Smaller quantities are used in the production of 
ifdesoent glasi and enamelled ware and of hydrofluoric acid. 
FWrspar is occasionally cut into gems and ornaments. Forusn in 
M productioo it should be free from sulphur and phosphorus, 
vtiilit for all pirposes more than 1 per cent, of silica is a decided 
Uvantage. 

CARBON. 

Carbon is oie of the commonest of the non-metallic elements, 
ai nombers amongst its natural and artificial compounds many of 
tbmost useful rubstances known to civilisation. 

It is known in three different modifications, diamond, graphite, 
iiMi charcoal. Diamond is crystalline, colourless, transparent, and 
^ high ref ractivi index. It is harder than any other known sub- 
ftiiee, but somevhat brittle. Its specific gravity is 3*5. Graphite 
iojitalline, grey-black, opaque, with metallic lustre. It is very 
Kfttnd smooth to the touch. Its specific gravity is 2*3. Charcoal 
it iti purest form is a black amorphous powder, dull and opaque. 
^ *« variable in hardness and specific gravity, according to the 
M&od by which it has been formed. 

Both of the crystalline forms of carbon, diamond, and graphite 
<Knir as minerala, but not so the amorphous form, unless- possibly 
*t constituent of coals. The most important mineral compounds 
containing carbon are coal, petroleum, natural gas, and diamond, 
^ first three of which owe their chief value to the ease with which 
^ej bum with tie evolution of light, or heat, or both. 

Diamond . — The purest forms of this mineral are dealt with 
nnder the heading " (Jems," p. 67. 

Bart and Carbonado. — ^Almost pure carbon of the diamond 
t^pe. Grey or black, translucent to opaque. No distinct crystaU 
kne outilne, nsitilly in irregular water-worn grains. Extremely 
Wd. G., 3*3. Occurs in river gravels. 
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Uses. — The chief use of these minerals is for setting in the 
crowns of rock-drills and the edges of lapidaries cutting wheels, 
and for polishing diamonds or other gems. 

G ra p h i te . — Almost pure carbon of the graphitic type. Some- 
times in tabular crystals, more often in scales, or in seal j, columnar, 
or earthy masses. Black or dark grey, lustre usually metallic, 
sometimes dull ; opaque. Very soft. G., 2*2. Occurs in beds or 
bands in metamorphic rocks, either gneiss, mica schist, quartzite, 
or crystalline limestone. 

Uses. — The greater part of the world's production of 
graphite is used for mixing with fireclay to make crucibles for 
melting metals and alloys in. Smaller quantities are used for 
stove polish, foundry facings, paint, lubricating, lead pencils, and 
various electrical purposes. The purest forms of graphite are used 
for crucibles and lubricating. For these purposes the graphite 
should contain 95 per cent, of pure carbon, whilst for crucibles the 
ash should be infusible, and for lubricating, the mineral very flaky 
and greasy. Less pure varieties of the mineral can be used for the 
other purposes named, and command a correspondingly lesser price. 
Natural graphite has recently to a large extent be^ replaced by 
artificial graphite made from coke in the electric fimiaoe. 

3438.— Graphite. Oldfield Biver. 

T. 17.— High-grade Graphite, Ceylon. 

Coal.— This is a mixture of various compounds of carbon, 
hvdrogen, oxygen, nitrogen, and sulphur, derived from the gradual 
alteration of buried vegetable matter. Five main types exist, viz., 
brown coal, non-caking bituminous, caking bituminous, anthracite, 
and algal coal. 

Brown Coal, — Contains moisture 15 to 50 per cent. ; ash, 1 to 
35 percent. Balance of coal contains carbon 55 to 71, hydrogen, 
4 to 6, oxygen and nitrogen, 21 to 37. Ratio of fixed carbon to 
volatile hydrocarbons, 1 : 2 to 2 : 1. Brown and dull to black and 
bright. Sometimes with woody structure and then known as 
Lignite ; when very bright and black, known as Jet. 

Uses. — This is the poorest class of coal, and owing to the high 
percentage of moisture in it, it has to be sun-dried or artificially 
dried before use. The drying is frequently followed by compress- 
ing into briquettes. This coal is mainly used for household 
purposes, though it can also be used for steam-raising. The less 
ash and moisture in it the higher its calorific value, and therefore 
the more valuable it is. 

323. — Brown Coal, Coolgardie. 
2993.— Brown Coal, Fitzgerald Biver. 

Non-caking BUuminoua Coal, — Contains moisture, 5 to 15 per 
cent.; ash, 1 to 30 per cent. Balance of coal contains carbon, 70 
to 85 ; hydrogen, 4 to 6 ; oxygen and nitrogen, 12 to 20. Ratio of 
fixed carbon to volatile hydrocarbons, 1 : 1 to 2 : 1. Bright or 
dull, black. 
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Times. — A ni<re uaef ul type of coal than lifi^nite, and can be used 
bf ail ordinary pirpoaes such as steam-raising, gas-making, house- 
kid use, tar-maJcng, smelting, et<;. It cannot be used for making 
«ke^ ajid is of snail value for marine or locomotive engines. 
5064. — ^NoBcaking Bitaminous Goal, Collie. 
1904. — Noooaking Bitmninons Coal, Collie. 

Caking Bituminous OooZ. -^Contains moisture, 1 to 5 per cent. ; 
ik. 1 to 30 per cnt. Balance of coal contains carbon, 76 to 90 per 
«t; hydrof2[en, i to 6 ; oxygen and nitrogen, 5 to 11. Ratio of 
fei carbon to vdatile hydrocarbons, 2 : 1 to 6 : 1. Bright or dull, 
Itok. 

XTses. — The most useful of all kinds of coal. Suitable for 
loaaehold use, statm-raising under all conditions, coke-making, and 
pi, with accompinying production of ammonia, tar, cyanides, and 
mberless organic compounds. For steam raising its value depends 
^fm the amount >f heat generated in burning, freedom from ash, 
id infusibility of ash. For coking, its value depends upon quan- 
%and hardness of coke and freedom from ash. For gas making, 
'^ quantity an4 quality of gas given off on coking. 
726l — Caknfc Bituminous Coal, Kewcastie, N.S.W. 

Anihraciie.—ConixAnB moisture 5 to 2 per cent.; ash, 1 to 30 
ivoent. Balance of coal contains carbon, 90 to 96 per cent.; 
i<lt^n, 2'5 to \ per cent.; oxygen and nitrogen, 2 to 6 yer cent, 
bao of fixed cirbon to volatile hydrocarbons 6 : 1 to 10 : 1. 
&ek, bright, hvd. Not easily combustible, and does not form 

Oft. 

Uses. — This is the best coal for marine and locomotive pur- 
JMK8. Navies use it almost exclusively owing to its smokeless 
fbneter and its kigh calorific valae. It is also largely used for 
ndting and oth«r purposes, bi^t is useless for gas making. Its 
nbe depends upon the amount of heat generated in burning, 
tieedom from ash, and infusibility of ash. 

Ugal CooZ.— This includes Kerosene Shale, Boghead Coal, and 
FoiiflBtie, all of which are largely composed of the debris of water 
fhaii. They contain moisture, 0*1 to 2 per cent. ; ash, 1 to 40 per 
SK, graduating into an oil-shale as the ash increases. Balance of 
floii contains carbon, 78 to 80 per cent. ; hydrogen, 12 to 14 per 
ait; oxygen and nitrogen, 6 to 8 per cent. Batio of fixed carbon 
fi9 volatile hydrocarbons, 1 to 2 to 1 to 15. Dark brown ; duU ; 
toa^ ; elastic. Catches fire readily and bums without melting. 

Uses. — ^This toal is chiefly used to mix with bituminous coals 
for ^ production of illuminating gas. It is also distilled to yield 
oils (both illnminftting and lubricating), paraffin wax, and ammonia. 
Its vdue dependi upon the quantity and quality of its volatile 
products. 

3123. — Keneene Shale, Joadja, N.S.W. 

Petroleum. — A natural liquid oil varying considerably in 
composition, but consisting mainly of a mixture of hydrocarbons of 
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tke paraffin and naphtheoe serieB, the carbon varying firom 79 to 87 
per oent. Transparent to translucent ; colourless, yellow, brown, or 
black. G., 0*7 to 1*0. Occurs in sedimentary deposits, in porous 
beds or carities sealed by impervious beds of clay, etc., especially 
beneath anticlinal folds. 

Uses. — Used extensively for steamers, locomotives, etc., in the 
crude state as fuel. Also distilled in large amounts, producing 
illuminating gas, light oils (gasolene, etc.), used for motors, ete.; 
iiluminating oils (kerosene, etc.) ; heavy lubrieatinff oils ; vaseline 
ov petroleum jelly, used as fuel, lubricant, etc. ; paraffin wax, anJ 
sometimes asphalt or pitch. The most valuable petroleum is that 
which yields most illuminating oil, has the highest calorific value, 
and contaiDB least sulphur. In America crude petroleum ia used 
iox watering the streets to keep down the dust, and is found far 
superior to water. 

' Natural Gas.— This contains from 98 to 97 per cent, of 
marsh gas or methane, the balance being nitrogen. It is the mi^st 
perfect and convenient fuel known. 11 cubic feet giving approxi- 
mately the same amount of heat on burning as a pound of good 
steam coal. It occurs in pores and cavities in sedimentary rocks of 
sU ages, usually in association with petroleum. 

Uses. — Largely used as a fuel for domestic and manufacturing 
purposes, its freedom from soot and ashes being a great advantage. 
It is used for melting steel, reheating iron, burning brick, steam- 
raising, etc. 

Asphaltum. — A mixture of various hyhroearbone partly 
oxygenated and invariably carrying sulphur. Analyses usvial^ 
show the presence of ash, non-bitutninous organic matter, petrolene, 
and asphaliene, all in varying quantities. Amphorous, solid, or 
semi fluid. Black or dark brown, opaque. Melts and bums 
readily. G., 1 to 18. Occurs in surface beds or disseminated 
through sandstones or limestones. Usually closely associated with 
petroleum. 

Uses. — The chief use of asphalt is as a binding material fsff 
crushed rock, etc., for roadways, footpaths, and foundations, damp 
courses in houses ; as a protective covering for wood or iron ; as an 
ingredient of roofing felt ; as an ingredient of various varnishes and 
japans. For street paving the asphalt may be already naturallv 
mixed with the neoessaTy quantity of rock. Otherwise the less ash 
the better, whilst the proportion of non-bituminous organic matter 
should not exceed 15 per cent, of the total organic matter, and the 
proportion of petrolene should exceed that of asphaltene. The 
purest varieties only of asphalt can be used for making varnishes. 
These should be hard, have a very bright lustre and pure blask 
colour, and be practically free from ash and non-bituminous organic 
matter. 

3429.— I^rift A&phaltum, Warren River, Nelson Distriot 
4ilB.— Drift Asphaltmn, Doubtful Island Bay, Kent District. 
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Ozokerite.— Mixture of solid hydrocarbons of the paraffin 
AmorphoiB, wax-like. White, yellow, or brown; trans- 
ticent. G., 0*9. Occurs in veins or irregular deposits in sedi- 
M&tarj beds in atsociation with asphaltum and petroleum. 

Uses. — OhieA* used as a source of minsral wax or oenusin, 
^ applications oj which are numerous, such as making candles, 
«xea paper, adulerating beeswax, etc. For this purpose its value 
ifends upon the percentage yield of purified white wax. Also 
led as a source d illuminating gas, oils, et^.*. 



CERIUM. 

This rare mtel was discovered in 1803. It is a soft, grey, 
Me ■cfftl, whith bums readily in airlike magnenum. It is a 
Ue lighter in we^ht thaa iron, aad like that metal is aot readily 
ibiked by dry ar, but is susceptible to moist sir. The aietatl 
irif baa no ap^isition in the arts. 

Cerium does lot occur free in nature, but, together with several 
4lkv similar rare metals, oeeurs as a constituent of certain silicates 
■i^o^hfttes oomrring sporadically in crystalline rocks, especially 
pitut and fpaeisi, and in tbe header sands derived from their 
ifiktion. It B the latter which form the chief sooirces of the 

The most imp>rtant compound of cerium is the dioxide which 
fan a small proprtion of the Welsbach incandescent mantle and 
tk glower of the Nemst lamp, this oxide having the property, 
JMSMsd in a Biillhigher degree by the oxide of thorium, of glowing 
*tt an iatense lirht when healed. Cerium nitrate is prepared 
kq^y for use in tie manufacture of the Welsbaoh mantles. Both 
^lalt and oeriun oxalate are ussd to a slight extent in medidne. 

Monazite. -Phosphate of cerium, lanthanum, and didymium 
WJsDi)PO^. Orium oxide, 16 = 87 per cent. This w the 
CBkaonest cerium mineral, but as its value depends almost entirely 
]^&e small and variable proportion of thorium oxide contained 
■44 wiH be treated fully under Thorium, page 62. 

5487.— Maiazite Sand, Noith Carolina, U.S.A. 

Cerite. — Hvd-ous silicate of cerium, lanthanum, didymium, 
*• and lime. 6eAam oxide, 2o = 65 per cent. Brown or grey ; 
^psqae ; as hard asfelspar ; brittle ; no definite cleavage. G., 49. 

Uass. — ^Ussd SI a source of salts of ceriiiia. 

Allanite (Oithite). — Complex silicate of cerium, lanthanum 
idjmium, aluminhm, iron, and calcium. Cerium oxide 2-18 per 
inii In tabular cr acicular crvstals or massive. Black, brown, 
p««» gwy. or jeibw opaque ; iMrfd ; brittle. G., 40. 

Uses.— Used is a source of salte of cerium. 



CHROMnJM. 

This metal was discoYered at the end of the 18th centarj, but 
is still, in its pure form, only of scientific interest. It is a very 
hard and infusible metal, of a white colour, and of the same weight 
as oast iron. It is not easily affected by the atmosphere. 

Chromium does not occur in natiu« in the metallic state, but, 
in combination with silica, occurs in small quantities in all igneous 
rocks. It is found at times in lead lodes in the form of crocoite, a 
yellow chromate of lead. The only workable ore of chromium is 
chroniite, which is invariably found as scattered grains, pockets, or 
veins in the basic igneous rocks known as peridotite and serpentine. 
Turkey and New Caledonia are the most important source of chrome 
ore. 

Pure metallic chromium is not produced commercially, but 
impure chromium and an alloy of chromium and iron, ferro- 
chromium, obtained by smelting chromite, are largely used as 
constituents of hard steel for rails, machine tooh, safes, projectiles, 
and the wearing parts of crushing machinery. 

The most important manufactured compounds of chromium 
are the chromates and bichromates of potash and soda, which are 
extensively used for tanning and dyeing, and to a minor extent in 
the manufacture of matches, in generating electricity, and in 
purifying oils and spirits. Chromium sesquioxide is used as a 
pigment. Chrome alum, sulphate of chromium and potash, is used 
m dyeing, calico printing, and tanning, and also in rendering gum 
and glue insoluble for water-proofing. 

Chromite or Chrome Iron Ore.— Chromite of iron 
FeOCr^Os. Chromium, 47 per cent.; chrcmium sesquioxide, 
68 per cent. Sometimes crystallised ; usually massive, granular, or 
compact. Black, opaque, massive. Lustre, metallic to glassy; 
hard ; brittle. Q-., 4-4. 

Uses. — Extensively used for the manufacture of chromates and 
other salts, and for smelting into ferrochromiun. Within the last 
few years a new use has been found for the mineral in its raw state, 
namely, as a lining for reverberatory copper and steel smelting 
furnaces, the life of which is thereby increased two or three-fold. 
Already the demand for this purpose has reached important 
proportions. A still later use is in the production of ** Silichromite," 
a material used as a substitute for emery. Tie commercial value 
of chrome ore depends almost entirely upon the percentage of 
chromium sesquioxide present in it, ore under 50 per cent, being 
marketed with difficulty. The usual market ^rade is from 50 to 
55 per cent., up to which standard the ore is concentrated by hand 
picking or jigging. For furnace lining the ore should be in fair 
sized lumps with little or no dust. 

1758.— Chromite, Goharralong, N.S. W. Higb grade ore. 
1759. — Chromite, Goharralong, N.S.W. Low grade ore. 
1780. — Chromite in Serpentine matrix, Gobarralong, N.S.W, 
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COBALT. 
Cobalt is a somewhat rare metal which has been known for 
thout a oentarj knd a-half, but for which very few uses have been 
found. It is a Muish- white hard metal, which takes a good polish, 
maffected by tfe air. It is magnetic, malleable, and, when hot, 
lerj ductile. It weight is about that of copper. 

Cobalt doesaot occur in nature in the metallic state. Its chief 
^m is asbolite.an oxide of manganese and cobalt. It is also 
frequently fount as the arsenide, smaltite, and sulpharsenide, 
nfaaltite. More or less cobalt occurs in most nickel ores, and 
I most cases is Bcovered as a bye-product. Cobalt occurs in many 
4her minerals which, howeyer, owing to their rarity, do not 
eoDstitute ores d the metal. Descriptions will be found in any 
int book of Minralogy. 

Metallic coUt is only used for electroplating, and for that but 
luely, though itis said to be superior to nickel for that purpose. 
Bkck oxide of cd>alt is used in the preparation of sundry pigments, 
principally smalt but also cobalt bhie, green, yellow, and violet- 
konze. Smalt s commercially the most importajit artificial com- 
foond of cobalt It is a silicate of this metal and potassium 
kring a Tery ine and permanent blue colour. It is used for 
litting paper, liien, and starch, and for colouring and painting on 
iuA and porceiun and for enamels. Cobalt nitrate is used as a 
aemical re-ageit and for making invisible inks. 

Asbolite.—Hjdrous oxide of manganese and cobalt. Cobalt 
vide. 1 to 32 pecent.; nickel, trace to 10 per cent.; manganese 
l»xide, 50 to 70per cent. Black or dark-grey, opaque, massive, or 
Hftlactitic. Vey soft to hard. G., 4*0. Usually occurs in 
inegolar masses amongst the decomposition products of basic igneous 
rocks. 

Uses. — The chief source of cobalt and its compounds. Its 
nlue is enhanod by the presence of a high percentage of man- 
gneac dioxide, mce the ore can then be used for the production of 
Mffine and thecobalt and nickel subsequently recovered from the 
KfBors. For eiDort, ore should be dressed to at least 4 per cent, by 
vidiing, to rem<ve some of the associated clay. Nickel in small 
proportions depBciates the value of the ore, in larger proportions 
ohances it. 

1577. — AiK>lite in CIaj, Kaaowna. 

18QL — Aftolite^ Bonlder. 

2066. — ^A«>olite^ KalgoorHe. 

Smaltite .^Arsenide of cobalt, CoAs^. Cobalt, 8 to 24 per 
cent. ; nickel, tnce to 8 per cent. Crystallised or massive. Metallic, 
white to grey« olen tarnished. Hard ; brittle. Q., 6*5. Occurs in 
Teios of quartz,etc. 

Uses. — A ninor source of cobalt (and nickel)* 
T. 114.— 4maltite, Cornwall^ England. 



Cobaltite.— Sulpharsenide of cobalt, CoAsS. Cobalt, 9 to 
34 per cent. ; nickaU trace to 8 per cent. Crystallised or majisiTe. 
Metallic, white, reddish, grej. Hard, brittle. 6., 6-1. 

Uses. — ^A minor source of cobalt and its compounds. 
T. 118.— Masuve CobsJtite* St. Just, England. 
T. 117.— Crystallised Cobaltite, Tunaberg, Sweden. 

COPPKft. 

Copper is one of the few metals that has been known to man 
and utiUsed by him since prehistonc times. This :s partly because 
it is somewhat f requeutly found native, and partly because its sur- 
face ores are readily reduced to the metal by smelting. 

Copper is a very tough red metal, highly dnqtiiO and malleable. 
It is, a^r silver, the best known conductor of electricity and heat. 
It is not readily attacked by air or water. Its specific gravity 
is 8-9. 

As already stated, metallic copper oocurs native in many parts 
of the world, especially on the shores of Lake Superior. It also 
oocurs as an important coBstitueat of a vast nuviDer of mineral 
compounds, only a few, howevev, of which occur in large deposits. 
These are the two oxides, cuprite and tenorite ; the two hydrated 
carbonates, malachite and azurite ; the simple solptiides, cbaloocite 
and covellite ; the sulphides of copper and iron, chalcopyrite and 
bornite; and, finally, fahl-ore or tetrahedrite, a sulphide of copper, 
antimony, and arsenic. 

Ores of copoer are chieflji found in veins or looes in crysfaaUine 
noeks, slates, ana sandstones ; but also as ioopregnatioiis in sedi* 
mentary beds, volcanic ash, etc. 

Electrolytic refining is now carried out with sioh success that 
commercial copper contains less than one-tenth of (ne per cent, of 
impurities. Its chief uses are in making wire ^or elsetric oeu* 
ductors, and in making alloys. Smaller quantities of the metal aro 
used for a multitude oC purposes^ including the manufacture of 
vajdous utensils and apparatus, boiler tubes, nails, sheet-copper for 
roofing, battery plates, pile-sheathing, and ship-sheithing, etc. 

The most important alloy of copper is brass, a variable mixture 
of copper and zinc, one variety of which, known as nuntz-metal, is 
extensively used for sheathing ships and piles. Copper is also the 
main constituent of bronze, gun-metal, aluminiim btx>nze, and 
German silver. Copper is invariably added to goH and silver in 
coinage, jewellery, and plate to harden them. 

Of artificial compounds of copper, the most important is blue* 
stone (copper sulphate) used in extracting silver :rom its ores, in 
generating electricity, in dyeing and printing, as an insecticide, etc. 
Several compounds of copper are used as pigments, jielding various 
shades of green, blue, and purple. 



Copper Native). — PracticftlLy poracopper inth traces only 
of nlrer, biftorcfa, etc. In crystaMine or iirvegulur mnntwo ofteo 
coated with corite or malachite. Bed, opaque, Mutaflic. Solt^ 
tough, mftlleabk G., 8*9. 

Uses. — ^An aiportant souNe of GommaiciaJ eopper. 

1107. — Nsive Copper, GenldSne. 

Cuprite.-Bed oxide of copper, Gu^Q. Copper, 88 per cent. 
Crystalline, masive or granular. Bright or dark red, translucent 
or opaque. Sot brittle. G., 60. 

Tile Ore. — l massive red yariety of cuprite, containing oxide 
rfiron iintiTnatel mixed with it. Copper, 50 to 80 per cent. 

Uses. — ^An. inp&stant ore of copper. The value of this ore,, m 
of all others, deends primarily upon the percentage of copper 
present ; second}, upon the quantity of associated silver and gold ; 
thirdly, upon thoiature of the accompanying impurities and gangue. 
Of impurities bimuth is the most objectionable, and arsenic and 
tstiinony next. Other things being equal, that ore is the most 
nhiable the gau'ue of which contains such a proportion of silica, 
ke, and iron oide as to be self -fluxing or nearly so. 

T. 5&— C{>rite, CoravaU, Ssgland. 

fi3l^--Citrite» BavonathoTpe. 

Ifil7.--Til Ore, Croydon, W. Pilbarm G.F. 

Tenorite. -Black oxide of copper, CuO, frequently mixed 

■timately with more or less chalcocite (CuS). Copper, 80 per 

<x&t. Scaly, masive, or earthy. Black, metallic or Salt, Soft. 
6., 6-0. 

Uses. — See Cuprite. 

1816.— Tetnrite, Boldieaay. 

Malachite — Hydrated carbonate of copper. Co;^r, 57 per 
VI Crystallisd or, more commonly, massive, stalactitic, radially 
fibos, or earthj Bright green, opaque. Soft, brittle. G., 40. 

Uses. — See fuprite. Some varieties are sufficiently beautiful 
^hfsa cut and poished to be used for inlaying and other ornamental 
»ork. 

3707* — FHous Malachite, Whim Creek. 

1506. — Masive Malachite, Whim Creek. 

2607- — Matohite Stookwork in sandstone, Arrino. 

Azurite. — lydrated carbonate of copper. VsJCopper, 55 per 
«at. Crystalli]], massive, compact, or earthy. Azure-blue, trans- 
parent to opaqu€ Soft, brittle. G., 3-8. 

XTbcs,— S«6 juprite. 

M05»— Cv^talliaed Asodte, Northampton. 
4IU.— A*-ite, Nana Tami. 
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Chalcocite. — Black sulphide of copper, Ct^S. Copper, 80 
per cent. Crystallifled, massiTe, compact, or f^anular. Black, 
metallic, opaque. Soft, brittle. G., 5'7. 

Uses. — See Cuprite. 

2362* — Missive Chalcocite, Murrin Marrin. 
3702> — Masaive Chaloocite, Arrino. 

Covellite. — Indigo sulphide of copper, CuS. Copper, 66 per 
cent. Crystallised or massive. Indigo-blue, subnetalbc, or duIU 
opaque. Very soft and brittle. 0-., 46. 

Uses. — 8ee Cuprite. 

Chalcopyrite (Copper pjrites).— Sulphkb of copper and 
iron, CuFeSg. Copper, 34 per cent. Crystalised or massive. 
Brass-yellow, metallic, opaque. Sometimes tamisied or iridescent. 
Soft, brittle. G., 4*2. 

Uses. — See Cuprite. 

1814. — Ohaloopyrite, Rothesay. 
4033> — Chalcopyrite, Northampton. 

Bornite. — Sulphide of copper and iron, CijEeS,. Copper, 
56 per cent. Often intimately mixed with chalcopTite or chalcocite, 
the copper contents then varying from 50 to 70 per ooit. CrystalKaed, 
or massive, granular or compact. Usually iridecent. On fresh 
fracture copper-red to brown, but rapidly tamiihing. Metallic, 
opaque. Soft, brittle. G., 52. 

Uses. — See Cuprite. 

T. 112. — Bornite, South Aastralia. 

Tetrahedrite (Fahi-ore), — Sulphide of copper and 
antimony, with variable amounts of arsenic, bianuth, iron, zinc, 
lead, silver, or mercury. Copper, 15 to 44 per ceit. ; silver, strong 
trace to 31 per cent. Crystallised or massive, coupact or granular. 
Grey to black, metallic, brilliant, opaque. Soft, Httle. G., 47. 

Uses. — See Cuprite. A very valuable ore owiig to the constant 
presence of a notable amount of silver, which isually more than 
compensates for the presence of such objectionabe constituents as 
bismuth, arsenic, and antimony. 

5548.— Tetrahedrite, Bavensthorpe Range. 

GOLD. 

From the very earliest times gold has been Inown and valued 
for its great beauty. Vi hen pure it is a very oft yellow metal 
susceptible of a brilliant polish and untarnished \y exposure to air, 
water, or most chemicals. It is the most malleabhand ductile of all 
metals, as well as one of the heaviest, its specific gavity being 19*3. 

Gold is but rarely found in nature in a stat< of great purity, 
the so called native gold being an alloy of this mtal with -more or 
less silver, seldom containing more than 95 per cent.of the pure metal. 
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This alloy ib y far the most oommon gouroe of the metal. Ooldalso 
occurs in natre alloyed with mercury as native amalgam, and in 
combination dth tellurium and silver in various telluride ores, 
chiefly calavete, sylvanite, and petzite. Gold also occurs in minute 
invisible spech scattered through many samples of pyrites, copper 
ores, etc., andean frequently be extracted from these ores at a profit 
owing to the feat value of the metal and the high pitch of perfection ' 
to which its mtallurgy has attained. 

Native |»ld occurs in veins or lodes, or disseminations in 
ciystalline ad other rocks, as well as in alluvial deposits, river 
gravels, etc. The telluride ores occur only in veins or lodes below 
the zone of coaplete oxidation. 

Pure gol is chiefly used as a surface covering or plating to 
ornaments an< utensils of other metals. It is also used extensively 
for stopping teeth. When beaten out into leaf it is used for 
ornamental pinting and lettering. For other purposes gold is 
hardened by )eing alloyed with copper or silver or both, such 
alloys being ised for coinage, jewellery, plate, etc. The most 
oaeftil artificit compound of gold is the chloride, which is used in 
photography nd in the manufacture of ruby glass. Purple of 
Oassius is a ampound containing gold and tin, and is used in 
making ruby (ass. 

Gold (Nitive). — Gold alloyed with more or less silver. 
Qold 50 per ent. to 99 per cent. ; silver, trace to 50 per cent. 
Varieties contining over 30 per cent, of silver are known as 
EUdrum. C^stalHsed, dendritic, massive, granular, spongy, in 
flakes, and in oiled grains and nuggets. Opaque, metallic, yellow 
of various shaes. ^ft, malleable. G., 14 to 19. 

Uses — Tb chief source of gold and its compounds. 
SBOOL—Tystalliaed Gold in Ajsbolite, Kanowna. 
123&-'*endiitic Qold, Donnybrook. 

419.— Cassive Gold, Peak Hill. 
3712.— ^antdar Gold, Boogardie. 
1508.— ponge Gold, Boulder. 
3I0Q.— lake Gold, Kalgoorlie. 
Ifll5.— llnvial Gold, Ghreenbnshes. 

Calaveite.— Telluride of gold, AuTe,.! Gold. 34 to 42 per 
cent. ; silver (B to 5 per cent. Massive, metallic, brilliant. White 
to yellow, opaue. Soft, brittle. G.. 9-2. 

Uses — Aouroe of gold and its compounds. 
144.-~4laverite, Botdder. 

Krenneite. — Telluride of gold and silver. (AuAg)Te^. 
Gold, 34 to 3 per cent. ; silver, 3 to 6 per cent. Crystallised, with 
perfect deav^. White to yellow, metallic, brilliant, opaque. 
Soft, brittle. 3., 82. 

ITBe8.-r^ouree of gold and silver and their compounds. 
07* — ftnnerite, Boulder. 



Sylvan ite. — Tellaride o£ gold and silver. (AuAff)TQ^. 
Gold, 26 to SO per cent. ; silTer, S to 18 per oent OrjetaJHaed, 
arborescent, beaded or masenre, with a perfect dnva^. While, 
grey, or yellow. Metallic, brilliant, opaque. Yeiy soft, hrittla. 
O^ 81. 

Uses. — A BOtfTce of goM and silver and their oonpounds. 

Petzite.—Telluride of gold and silver (Ag^u)gTe. Gold, 
18 to 26 per cent. ; silver, 40 to 47 per cent. Massnre, granular, or 
compact. Black, metallic, brilliant, opaque. Soft. G., 8*9. 

Uses. — A source of gold and silver and their cotnpounds. 
1806.— Petzito, Boulder. 

Nagyagits. — Sulpkotelluride of gold, lead, and antimony. 
Gold, 6 to IS per cent ; silver trace to 2 per oeit. In tabular 
crystals with perfect cleavage, and massive, graniiar, or foliated. 
Lead-grey, metollic, brilliant, opaque. Very soft. Q-., 7*0. 

Uses. — A rare source of gold and silver and their compounds. 

IRON. 

Of all the metals that have been pressed into the service of 
man, iron is by far the most common and most iseful, and was 
first utilised in prehistoric times. The chemically pure metal is not 
an article of commerce. It is a white metal capable of taking a 
high polish. It is somewhat harder than copper, and considerably 
stronger ; it is malleable, and at a red heat can be welded. Iron 
can only be melted at a dazzling whit« heat ; whet heated some- 
what and cooled suddenly it does not harden. Iron does not 
tarnish in perfectly dry air, but in moist air or water n^idly mete. 
Salt water and weak adds attack it rapidly. 

Iron appears in conunerce in three states of varying purity, 
known respectively as wrought iron, steel, and cast iron. All these 
forms of iron contain as impurities oarbon, silicon, phosphorus, 
sulphur, and manganese, and it is upon the relative proportions 
present of these elements, especially oarboB, that the quality of the 
metal depends. Wrought iron is the purest form of commercial 
iron, and contains essentially from 03 to 40 per cent, of carbon. 
It closely resembles pure iron in its properties, but is slightly more 
fusible and less malleable than the latter. Steel contains, in 
addition to the usual impurities of all forms of iron, an amount of 
carbon varying from -4 per cent, to 1*5 per cent. It differs from 
wrought iron in being lees malleable and less easily welded, more 
fusible, and stronger. Its most striking feature is its capacity for 
becoming extremely hard when heated and suddenly chilled. Cast 
iron contains from 1 5 to 5 per cent, of carbon and comparatively 
laz^ge quantities of sulphur, phosphorus, and silicon. It melts mom 
easily than steel, is brittle when cold, and does not hardmi on 
heatmg and quenching. 

Iron occurs in abundance in nature in many forvis {▼erj rarely 
as the metal), being an important constituent of almopt all rocks. 
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The only natiTi com])ounds, however, that can be profitably 
employed as a 8on*ce of the metal are the oxides, magnetite, etc., 
and the carbonati siderite. 

Pure iron, s already stated, is not used in the arts ; the 
purest wire used or piano strings, etc., still containing 03 percent, 
of impurities. Wought iron is used for a multitude of purposes, 
chiefly for for^c parts of machinery, boiler plates, pipes for water, 
gas, etc., girders V'l^ other structural members, roofs, etc. Steel 
iias lai^ly repla'igea Urought iron for many purposes. Its chief 
ases are for rails, inolf'if bridges, parts of machinery, and structures 
of various kinds, i m' Cast iron is made mainly as an intermediate 
product in tlie d^ \ ^ifacture of steel and wrought iron. It is also 
krgely used for ctv^ing various machine details and industrial and 
domestic utensils. 

The chief allo^^s of iron are those varieties of steel containing 
vious proportioQ of manganese, nickel, aud rarer metals. These 
»e for the most part harder and stronger than ordinary steel. 
Tuious cast allois of iron with manganese and other metals are 
fn)dTiced solely br the production of the special steels above 
imtioned. Chielof these are spiegel and ferro-manganese. alloys 
i manganese anl iron with considerable carbon, used in the 
iuufacture of Besemer steel, Hadfield's manganese steel, etc. 

Compared wih the metal itself, the artificial compounds of 
m are of minor inportance. Artificial ferric oxide is employed as 
^pigment andpolshing powder (rough). The hydrate, carbonate, 
and other salts i^ used in medicine. An artificial mixture of the 
Jttides (iron-scale) is used in the conversion of cast iron into wrought 
iwn and steel. !Rrrous sulphate (copperas) is used to precipitate 
(p>ld, and in the nanufacture of Nonlhausen sulphuric acid, iron 
niordants, inks, eU Prussian blue, a cyanide, is a valuable pigment, 
f^otassium ferrocytnide is used as a source of potassium cyanide 
sad as a chemical re-agent. 

Magnetite.— Mt^^etic oxide of iron, Fe^O^, Iron, 65 to 72 
per cent. Orystalised or massive, granular or compact. Black, 
metallic, opaque. Magnetic, hard, brittle. G., 5'1. Occurs as 
irregular masses iii volcanic rocks, and as lodes in schists. 

Uses. — Tlie rthest and purest ore of iron, used largely for the 
production of the lommercial metal, and to a slight extent as a flux 
in lead and coppt* smelting. Bulk samples of ore contain various 
impurities, which mostly exert a marked effect upon the final 
smelted metal, an4 hence, influence to a very large extent the value 
of a deposit. Th» chief of these are phosphorus, sulphur, silica, 
and titanic oxide. 

Phosphorus.— This element, in more than traces, is the most 
objectionable constituent of au iron ore. Ores containing more 
than -045 per ceA. of phosphorus are practically- useless for the 
production of Bei^emer steel. Basic steel (Thomas st«el) can be 
made most profitaUy from ores containing from 0*4 to 2-0 per cent 
phosphorous. Intermediate ores are best suited for the production 
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of wrought iron, and grey and white iron for castings. With ores 
rich in iron a slightlj higher percentage of phosphorus is permis- 
sible than with poor ores. 

Sulphur. — This element is not so objectionable as phosphorus. 
The best ores contain less than 05 per cent, of this element. 
Inferior ores contain up to 2*0 per cent., and are frequently roasted 
to remove this sulphur before smelting. a 

Silica. — Small amounts of this under 5 ^j**> 3nt. are no draw- 
back to the ore, beyond that amount the l^ir «e better since the 
more silica contained in the ore the more lime needed to flux it. 
If the ore contains lime or alumina this will se^^e to neutralise the 
bad effect of an increased content of silica. F<x^ iron smelting the 
best ores contain not more than 10 per cent., poorer ores 10 to 30 
per cent. For fluxing lead or copper ores the silica must not exceed 
7 percent. 

Titanic Oxide. — This constituent is usually stated to cause 
considerable difficulty in the smelting of pig-iron, and most iron 
smelters look askance at ores containing more than 0*5 per cent. 
Lump ores, however, containing up to 40 per cent. TiOg have been 
smelted in both England and the United States without causing 
any difficulty, so that apart from the (X)ncurrent deci*ease in the 
iron content the presence of a notable percentage of titanium can 
only be considered a drawback by prejudiced persons, so long as 
the ore is massive and not in the state of fine sand. In fluxing 
lead and copper ores titanic oxide acts like silica, and the total of 
these two constituents should not therefore exceed 7 per cent., 
whilst the titanic oxide alone should be under 5. 

Other C(»nstituents.— Manganese oxide in small quantities 
increases the value of an iron ore for all purposes. Lime and 
alumina to the extent required for fluxing the silica of the ore are 
also an advantage. 

5545. — Magnetite Crystals, Eastern Goldfields. 
784. —Magnetite (Granular Massive), Collie. 

Haematite. — Oxide of iron, PcgO^j. Iron, 67 to 70 per cent. 
Crystallised, massive granular, columnar or stalactitic, earthy, 
micaceous. Earthy variety red, soft to hard, dull, opaque. Other 
varieties black, metallic, hard, opaque, brittle. G. 5*1. 

Uses. — An important source of iron. (See remarks under 
Magnetite.) 

T. 145.— Crystallised Heematite, Elba. 
5356. — Granular massive Hematite, Wilgi Mia, Weld Ranges. 
4350. — Massive Haematite, near Mollewa. 
48. — Micaceous Haematite, Boulder. 

Limonlte. — Hydrated oxide of iron, 2Fe208 3H20. Iron, 
.57 to 60 per cent. Stalactitic, fibrous, concretionary, massive or 
earthy. Brown or yellow, sometimes iridescent, opaque. Soft or 
hard. Brittle. 
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The Laterite Ore (surface clay ironstorof'loi -Australia and 
India is a mixture of limonite with more or less bauxite (aluminium 
or) and sometimes some hematite, gothite, or other hydmted 
oiides of iron. It is concretionary or cellular, massive, and oon- 
tuBS np to 62 per cent, of iron. 

Uses. — An important source of iron. (8ee remarks under 
Magnetite.) 

The soft earthj jellow varieties known as Ochre contain more or 
k« daj and are used largely for the production of pigments and 
frringa body to linoleum or oilcloth. For this purpose the value 
9f tlie ore depends upon the fineness of its grain, its freedom from 
pit and its colour both fresh and when calcined. 

Concretionary limonites and laterites are largely used for 
Ulasting roads and railways. 

UjOQL — MaBsive Limonite, GreenhiUs. 
lOL — ^Fibrous Limonite, Mt. Jackaon. 
4SB, — Limonite stalactite, Mt. Morgan, Queensland. 
996ii — Limonite (Laterite), Wongan Hills. 
T. 106. — Limonite (Yellow Ochre), South Australia. 

Siderite (Spathic iron ore). — Carbonate of iron, FeCO,. 
InD, 40 to 48 per c^nt. CrystalHsed, massive granular, fibrous, 
fiJBpact, earthy. Grey, yellow, or brown, translucent to opaque. 
Soft, brittle. G., 38. 

The day-hand Irorutone of England is an impure siderite 
wtaining much clay. The Black-hand Ironstone of Great Britain 
ad America is a siderite mixed with much coaly matter. 

Uses. — An important ore of iron. {See remarks under Mag- 
Bedte.) 

T. 183.— Siderite, West Prussia. 

T. 186* — Clay-band Ironstone, StafFordshire, England. 

Frank Unite. — Oxide of iron, zinc, and manganese. Iron, 40 
^ 60 per cent. ; manganese, 8 to 18 per cent. ; zinc, 5 to 18 per 
cot Crystallised, massive, granular, or compact. Black, opaque, 
ivlallic or dull. Hard, brittle, slightly magnetic. G., 5*1. 

Uses. — After recovering the ziuc the residue is smelted with 
^production of ferro-manganese. For impurities and their effects 
fle under Magnetite. 

T. 156.— Franklinite, New Jersey, U.S.A. 

llmenite (Titanlferous Iron Ore). — Oxide of iron and 
titanium, PeO.TiOg. Iron, 36 to 60 per cent. ; titanium, 6 to 31 
per cent. Crystallised, massive, in scales or rolled grains. Black 
'Betallic, opaque. Hard, brittle. G., 4*7. Occurs largely as beds 
of black sand on beaches, etc., also mixed with magnetite in 
in^egnlar masses and lodes in basic igneous rocks. 

Oses. — Used as a source of iron, ferro-titanium, and titanium 
CMnpcmnds. The fine sandy ore has not yet been successfully 
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smelted for iron on a large scale. After grinding it is sometimes 
used sus a knife polish and as a pigment for covering metal work. 
T. 206.— MaBsiva Ilmeiiite, Mt. Barker. 
5906.— Hmenite Sand, Bunbnry. 

Chromite {see page 26) is used as a source of ferro- 
chromium; and Wolfram (see page 56) as a source of feiTo- 
tungsten. 

LEAD. 

This was one of the few metals known to raau in verj ancient 
times. It is a verj soft bluish white metal, which can be readily 
rolled or pressed into sheet or wire. It rapidly tarnishes on 
exposure to the air and is then but little affected bj air or m^ j 
acids. It melts below a red heat and has a specific gravity of 11*3. 

Occasional grains of metallic lead have been found in nature, 
but it chiefly occurs as the sulphide, galena. A second common ore 
is the carbonate, cerussite, whilst much less common are the 
sulphate, anglesite, and the chlorophosphate, pyromorphite. Ores 
of lead usually occur in veins and lodes in crystalline rocks, slates 
and limestones. 

Commercial lead is extremely pure and is largely used in 
sheets for roofing and making pipes. It is also used for bullets and 
for making white lead, red lead, litharge, etc. Lead hardened with 
a few per cent, of antimonv is used for coffins and for lining acid 
chambers, etc. Of lead alloys the most important is that with tin, 
known as solder, and that with tin and antimony, known as type 
metal. Fusible alloys and antifriction alloys contain a large pro- 
portion of lead. 

Of the artificial compounds of lead, by far the most important 
is white lead, a basic carbonate, which is the most useful pigment 
known. Bed lead, an oxide, is also a valuable pigment, and is used 
in the manufacture of flint glass. Litharge, another oxide, is used 
as pigment, as a constituent of many varieties of glass and of glazes 
for clay-ware, and in manufacturing white lead. Lead chromate is 
used as a pigment, as also lead su^hate. 

Lead ores are used almost solely as a source of the metal from 
which, after refining, the various artificial compounds are prepared. 
Two other minor, though still important, uses they are put to. One 
is in the metallurgy of the precious metals, the ores of these being 
smelted with ores of lead, to form the so-called base bullion, or pig 
lead containing all the gold and silver in solution in a convenient 
concentrated form for' final recovery. The second use is in the pro- 
duction of lead fume, a fine mixture of lead sulphate and oxide used 
as a pigment. 

Galena.— Sulphide of lead, PbS, Lead. 83 to 86 per cent.; 
silver, trace to 3 per cent. Crystallised with cubic cleavage or 
granular massive. Lead grev, metallic, opaque. Soft, brittle. 
G., 7-6. 
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Uses. — The main souroe of metallic lead. Also used as a 
souroe of lead fmne and in recovering gold and silver from their 
ores. The value of the ore depends upon the amount of lead and 
silver present. The best bulk ores contain less than 5 per cent, of 
zinc, as this metal causes trouble in smelting, and not more than a 
trace of antimony and arsenic. 

4IN)2L — Crystallised Qalena, Narra Tarra. 

USQL — Galena, Andover. 

Cerusslte.-— Carbonate of lead, PbCOj. Lead. 77 per cent. ; 
silver, traces. Crystallised or granular or compact massive. White 
or grey, transparent to opaque. Soft, very brittle. G., 6*5. 

Uses. — An important ore of lead. On value, see laemarks 
imder Gkilena. 

T. 83i — Crystallised Cenissite, Cumberland. England. 
4007. — BCasaive Cemssite, Narra Tarra. 

Angrlesite. --Sulphate of lead, PhSO^ Lead, 66 to 68 per 
cent. ; silver, traces. Crystallised or massive, granular compact or 
lUlactitic. White or tinted, transparent to opaque. Soft, very 
brittle. G., 62. 

Uses. — A common ore of lead. On value, see remarks under 
Galena. 

411.— Anglesite with Galena, Gk>rge Creek. 

Pyromorphite. — Chlorophosphate of lead. Lead, 62 to 75 
per cent. ; silver, traces. Crystallised or massive, resinous. Green, 
jellow or brown, translucent or opaque. Soft, brittle. G., 6 to 7. 

Uses. — A minor ore of lead. 

1166.— Crystallised Pyromorphite, 6teraidine. 
33k — Maaaive Pyromorphite. Narra Tarra. 

LITHIUM. 

Lithium is one of the alkali metals closely resembling sodium, 
but of much greater rarity, and was discovered in 1817.. It is 
silver white, softer than lead aud extremely light, being only a 
little over half as heavy as water. It melts at a low temperature 
and if heated much beyond that point bums steadily with a bright 
white light. It rapidly tarnishes when exposed to the air. 

Lithium does not occur in nature in the metallic state but 
usually in combination with other metals and silica in granite or in 
pegmatite veins or dykes. 

The metal is not put to any use in the arts. Its most impor- 
tant artificial compounds are the chloride, carbonate, and citrate, all 
of which are used for medicinal purposes and also as contituent-s of 
aerated waters (lithia water, etc.). 

Lepidolite (Lithia mica.) — Fluosilicate of lithium, alu^ 
minium, and potassium. Lithia (lithium oxide), 4 to 6 per cent. 



In scaly granular masses or in large cleavable plates. Pink» 
amethystine, white, or grey. Transparent or translnoent. Soft, 
tough. G., 2-8. 

Uses.— This is the chief source from which lithium salts aire 
prepared, and its value will depend upon the proportion of lithia 
present in it. 

1858* — Lepidolite in radiating scales, Coconarup. 
608. — Lepidolite, in larg^e sheets, Londonderry. 

Spodumene. — Silicate of lithium and aluminium, Li^O. 
AI9O3.4 SiOj. Lithia, 4| to 7^ per cent. Crystallised or massive, 
vertical cleavage well marked. Green, sometimes yellow or purple. 
Transparent to opaque. Hard and brittle. G., 3-2. 

Uses. — Same as for lepidolite, which see. 

1884. — Spodnmene, Bavensthorpe. Large pale green crystala in 
granite. 

MAGNESIUM. 

This metal was first separated and described at the be$<inuin^ 
of the 19th century, though its compounds had been in use for 
some time previous to this. It is a soft white metal, which does 
not tarnish in dry air but is coated with a film of oxide on exposure 
to moist air. It is easily dissolved by dilute acids. It melts at a 
red heat and burns readily in the air with a brilliant flame. 

Magnesium does not occur native in the earth, but is a 
universal constituent of all rocks, forming a considerable proportion 
of serpentine and other basic igneous rocks. Comparatively few 
minerals are, however, capable of successful treatment for the pro- 
duction of the metal and its artificial compounds. Of these the 
most important is the carbonate, magnesite ; the sulphates, epsomite 
and kieserite. and the chloride of potassium and magnesium, 
carnallite, are also valuable minerals. Asbestos, talc and other 
magnesian silicates are dealt with under the title " Silica and 
silicates.'* Magnesium chloride and sulphate are constituents of 
almost all well aod bore waters. 

Metallic magnesium in the form of ribbon or powder is burnt 
to produce a brilliant illumination of interiors, underground 
hollows, etc., for photographic or show purposes ; it is also used 
for signalling purposes and in pyrotechny. Small quantities are 
used for various analytical purposes. 

Of artificial compounds the most imi)ortant is the oxide, 
magnesia, large quantities of which are made into fire brick or 
pressed direct into the linings of furnaces for the production of 
" basi'; " steel, and of kilns for burning hydraulic cement. It is 
also used as a non-conducting covering for boilers, etc., and as a 
starting point for the manufacture of various other magnesium 
compounds. The hydrous sulphate, known as Epsom salts, is 



largely used in the mauufacture of dyes, soaps, and paints, in 
tanning leather, and in medicine. The chloride is used in the 
textile industry and as a source of metallic magnesium, the 
sulphite in cleaning wood-pulp for paper manufacture. 

Mag^nesite. — Carbonate of magnesium, MgCOj. Magnesium, 
25 to 28 per cent. ; magnesia, 42 to 47 per cent. ; carbon dioxide, 47 
to 52 per cent. Occasionally crystallised, usually massive compact 
granular or earthy. White, yellowish, brownish ; transparent to 
opaque. Soft or hard, brittle. Qt., 3*1. Occurs in veins in 
terpentine and other rocks, and in boulders in the weathered rocks. 

Uses.— Chiefly burnt to convert it into magnesia, for the 
manufacture of refractory bricks and furnace linings. For this 
purpose it should contain a small proportion only of silica. Also 
Qied in the manufacture of magnesium chloride, sulphite, and 
nlpbate (Epsom Salts). Large quantities used for the production 
4^ carbon dioxide for aerating waters, etc., magnesia or magnesium 
sulphate being obtained as bye-products. Magnesite used as a 
louroe of magnesium salts should be as free as possible from iron 
ind Ume. 

331. — ^Magnesite, Coolgardie. 
2945. — MagnMite, Kalgoorlie. 

Epsomite. — Native Epsom Salts. Hydrous sulphate of 
nagnesium, MgS04.7H20. Magnesia, 16 per cent. Crystallised or 
in fibrous masses. White or yellowish, transparent to translucent. 
Very soft, brittle. Soluble in water. G., 1-7. Occurs in sedi- 
mentary deposits in ancient or recent lake-beds ; common in mineral 
waters. 

Uses. — After purification marketed as Epsom salts, the uses of 
which are given above. 

Kieserite.— Hydrous sulphate of magnesium, MgSO^.H^O. 
Magnesia, 29 per cent. Barely crystallised, usually massive 
gnnular or compact. White, or grey ; translucent or opaque. Soft, 
triable or firm. G., 2*5. Occurs in sedimentary beds. 

IJaeB. — An important source of Epsom Salts. 

Carnal lite. — Hydrous chloride of magnesium and potassium. 
Kagnesium, 8 per cent.; potassium, 14 per cent. Granular massive, 
nrely crystallised. White or pink, transparent to translucent. 
Very soft, brittle. G., 1'6. Occurs in beds in sedimentary 



Uses. — Used as a source of metallic magnesium. Also a 
valuable fertiliser owing to the large percentage of soluble potassium 
in it. For the latter purpose its value depends entirely upon the 
percentage of potassium present ; for the former purpose the purest 
mineral i^ the most valuable. 

Dolomite.— ^See page 20. 
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MANGANESE. 

The metal manganese was discovered at the latter end of the 
18th centurj. In its pure form it only appears in commerce as a 
chemical curiosity. It is a very hard brittle metal, resembling cast 
iron in appearance and weight, but it is so susceptible to the action 
of the air that it can only be preserved in sealed bottles or under 
mineral oil. 

Manganese does not occur in nature in the metallic state, but 
is usually found combined with oxygen as one of the several oxideB« 
which constitute the chief source of the metal. It is also a 
universal constituent, in small proportion, of all rocks, especially 
the more basic, darker coloured, igneous rocks occurring in them in 
combination with silica, but not in such a form as would constitute 
a commercial source of the metal. Workable deposits of the ores 
are, however, largely found in close association with such rocks or 
the debiis resulting from their decomposition. Ores are also 
frequently found in association with limestone, being originally 
absorbed from the sea water by a living organism and subsequently 
secreted in the substance of the shells or corals which have gone to 
build up the beds of rock. 

In its pure state manganese has no application in the arts. 
Of its alloys those with iron are the most important, viz., ferro- 
manganese, containing from 25 to 75 p>er cent, of manganese, and. 
spiegel-eisen. containing from 2 to 25 per cent. These alloys are 
largely use* I in the manufacture of Bessemer steel. An alloy of 
manganese, copper and zinc has been used as a substitute for German 
silver, which it resembles very closely. 

Compounds of manganese are used in large quantities for 
various technical purposes. This is especially true of the dioxide 
(MuOo) which occurs in nature in Pyrolusite (q*v.). Potassium 
and sodium permanganates (KMn04 and NaMn04) are extensively 
used as disinfectants and deodorants, owing to the ease with which 
they give up part of the oxygen contained in them. 

The natural oxides of manganese are all used for both colouring 
and decolourising glass ; for colouring pottery and brick ; for calico- 
printing and dyeing ; and in manufacturing certain paint. A con- 
siderable quantity of manganese is also used as a flux in lead 
smelting, oxide of manganese in conjunction with oxides of iron and 
lime forming a readily fusible slag with the siliceous gangue of the 
lead ore. For fluxing purposes the value of the ore depends upon 
its richness in manganese and its freedom from silica ; iron oxide is 
not looked upon as an objectionable constituent. The oxides and 
carbonate are the only ores used as a source of the metal in the 
form of Spiegel or fen*o-manganese. For this purpose the ore 
should be rich in manganese, poor in silica, and contain only very 
minute amounts of sulphur or phosphorus, both of which tend to 
reduce the value of the final product, Bessemer steel. A third main 
use of the natural oxides of manganese is in the production of 
chlorine, bromine, and iodine. The most important of these is 
chlorine, which is employed in extracting gold from its ores and 
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refining it, and in the production of ble-ciching powder or chloride of 
lime for bleaching and disinfecting. This is the chief use U> which 
it is put in Australia, the chlorine being produced by heating a 
mixture of salt and sulphuric acid with any ore of manganese con- 
tuning the dioxide. For this purpose the value of the ore depends 
entirelj upon the proportion of dioxide present, and is bought at so 
much " per unit," that is so much for every one per cent, of dioxide 
(MnO^) in the ore. 

The following are the chief compounds of manganese occurring 
in nature : — 

Pyroluslte. — Dioxide of manganese, MnOg. Manganese, 
W-63 per cent; manganese dioxide, 95-100 per cent. Soft, black, 
OTBtalline or massive, opaque. G., 4*8. 

Uses- — This mineral is the most useful ore for the production 
of chlorine, and the manufacture of permanganates owing to the 
&et that it is richer in the dioxide than any other manganese ore. 
It should be noted in this connection that the ** pyrolusite'' of the 
Aostralian miner and ore-dealer includes pi*actically all native 
manganese oxides such as Psilomelane, etc. Pyrolusite is also used 
u a flux, as a source of manganese alloys, and for all othei* pur- 
poses mentioned above. 

43A0.-*Pyrolii8ite, Gladstone, Qld. 

Braunlte.— Oxide and silicate of manganese 4Mn0.3Mn09. 
50,. Manganese, 63 per cjent.; silica, 10 per cent.; manganese 
dioxide, 43 per cent. Crystalline or massive. Black, opaque, hard, 
fettle. G., 4'8. A somewhat rare ore. 

Uses. — Of little us** for the manufacture of chlorine owing to 
the low percentage of the dioxide present. It can be used for all 
other purposes, but the invariable presence of a consid^^rable per- 
centage of silica makes it an inferior ore under all circumstances. 

Mangranite. — Hydrated oxide of manganese, MnO.Mnog.HjO. 
Manganese, 68 per cent.; manganese dioxide, 50 per cent. Crystal- 
Bted or massive. Soft, brittle, black, opaque, sub- metallic. 
0.,4-3. 

Uses. — Same as Braunite. 

T. 189.— Manganite, Michigan, U.S.A. 

Psilomelane.-— Hydrated oxide of manganese, xMnO.MnOj. 
jHjO. Variable in composition, but averages: manganese 55 per 
ont, manganese dioxide, 70 per cent. 

A common variety of this mineral known as AsbolUe frequently 
contains sufficient cobalt and nickel to constitute an ore of those 
metals, q,v., (massive or concretionary). Variable hardness, black, 
opaque. G-., 3*7 - 4-7. A commonly occurring ore. 

Uses. — This ore is used for all the purposes to which Pyro- 
lusite is put, and after that mineral is the most valuable of the 
manganese ores. 

4444. — Psilomelane, Ravensthorpe Kange, near Mt. Desmond. 
1801« etc.— Aabolite. (iSae Cohalt.) 
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Rhodocroslte. — Carbonate of manganese, MnO.COg. Man- 
ganese, 48 per cent, (crystalline or massive). Somewhat hard ; 
pink, grey, or brovn ; semi-opaque. An uncommon ore. G., 4*4. 

Uses. — Can be used as a flux or as a source of the metal. 

T. 196b— BhodocroBite, Colorado, n.S.A. 

MERCURY. 

Mercury is the only metal which at ordinary temperatures 'is 
liquid. It was knovm some centuries before the Christian era. It 
is a bright, metallic, white, mobile liquid, which does not tarnish in 
the air, and readily dissolves gold, silver, and many other metals. 
Its specific gravity is 13*5. 

Mercury is found native in small globules, but its commonest 
native compound and chief ore is the sulphide, cinnabar. It also 
occurs as the telluride, coloradoite, and in some varieties of f ahl-ore^ 
but neither of these minerals are sufficiently plentiful to constitute 
sources of the metal. Mercury ores usually occur in veins or stock- 
works in slate, limestone, or igneous rocks. 

By far the greater part of the world's production of mercury 
is employed in extracting gold and silver from their ores. Smaller 
quantities are used in the electrolytic production of caustic soda, 
for thermometers, barometers, battery zincs, etc., and the production 
of amalgams, or alloys of mercury with other metals. Sodium 
amalgam is added to ordinary mercury to make it dissolve gold 
more actively, and is also used as a reducing agent in preparing 
various organic products. Tin amalgam is used as a backing for 
glass to produce an ordinary mirror. Various amalgams are used 
in dentistry as stopping for teeth. Mercurous chloride, or calomel, 
is used in' medicine; mercuric chloride, or corrosive sublimate, as an 
antiseptic and vermicide, especially for preserving timber, also in 
making aniline-red, in dying and calico-printing, and in etching 
steel plates. Mercuric sulphide or vermilion is an important 
pigment. Several mercury salts are employed as analytical re-agents 
and in medicine. Mercury fulminate is an extremely explosive salt 
used for detonators and percussion caps. Mercuric oxide is some- 
times used in anti-fouling paint for ships* bottoms. 

Mercqry (Native). — Practically pure mercury. In small 
liquid globules, white, metallic, brilliant. G., 13*6. 

Uses. — A minor source of the metal and its compounds. 

Cinnabar. — Sulphide of mercury, HgS. Mercury, 86 per 
cent. Crystalline, granular, massive, or earthy. Red, sometimes 
brownish or leaden; transparent to opaque. Lustre, brilliaDt to 
duU. Soft, slightly sectile. G., 81. 

Uses. — The main source of the metal and its compounds. 
Ores as low as 0*3 per cent, have been worked at a profit, though 1 
to 3 per cent, is the usual smelting grade. 
T. 34.— Cinnahar, California, U.S JL 
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MOLYBDENUM. 

This rare metal, first discovered in 1780, is very similar to 
filTer in appearance, but is somewhat harder, lighter, and more 
infusible. It is not affected by the air at ordinary temperatures, 
and resists the action of many acids. In spite of its many useful 
properties, it has not yet found any application in the arts except 
in combination with other metals, etc. 

The commonest ore of molybdenum is the sulphide, molyb- 
denite, the metal itself not occurring uncombined in nature. The 
(side, molybdite, sometimes occurs near the surface in sufficient 
quantities to constitute an ore. The usual matrices of both these 
minerals are veins of quartz or calcite traversing igneous rocks. 
Ores of copper, bismuth, etc., usually accompany them. 

Crude molybdenum, containing carbon and iron, is obtained 
by the electric smelting of the roasted ores, and ferro-molybdenum, 
in alloy of iron and Inolybdenum, by adding iron ores to the 
imelting mixture. A considerable demand for these products has 
ariaen since the discovery that the addition of a little of either of 
them to chrome steel renders it self-hardening. In this respect it is 
ttd to be better than tungsten. 

Ammonium molybdate is used largely in analytical work for 
the estimation of phosphorus. Molybdenum tannate is a useful 
djefor leather, producing, in conjunction with logwood, various 
ihades of yellow and brown. In pottery molybdenum blue or blue 
tannine is used to impart a blue colour of great brilliancy and 
durability. Compounds of this metal are also used for dyeing 
nlk blue. Sodium molybdate has been used in the treatment of 
dropsy. 

Molybdenite. — Sulphide of molybdenum, MoS,. Molvb- 
denum, 60 per cent. Foliated, scaly, or sometimes granular. 
Metallic, opaque, lead coloured, closely resembling graphite. Very 
8oft G., 47. 

Uses. — This is the chief source of the crude metal and its 
aUojs and salts. The ore to be saleable must be concentrated by 
Wd or machinery up to at least 45 per cent, of metal, and must he 
«Btipely freed from cx>pper compounds. The Elmore process of oil 

(ooeentration has been found successful in some cases. 

• 

1310, — Molybdenite in vein quartz, Olackline. 
387- — Molybdenite in amphibolite, Ooolgardie. 
4363. — Molybdenite in quartz, Chowey Creek, Mt. Shamrock, 
Queensland. 

Molybdite.— Oxide of molybdenum, MoO,. Molybdenum, 
66 per cent. In fine crystals, fibrous, massive, or earthy, fellow. 
Very soft. G., 4-5. 

Uses. — This is much rarer than molybdenite, but, as it contains 
more of the metal and requires no roasting to remove sulphur, it 
would be somewhat more valuable but for the difficulty of con- 
centrating it. (8ee remarks under molybdenite.) 
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NICKEL. 
This useful metal has been known for about a century and i^ 
half, but has only within the last few years been extensively used in 
the arts. It is a bright, greyish- white metal ; hard, ductile, and. 
malleable. It is capable of taking a very high polish, which is not 
easily dulled by air or water. It is magnetic. 

Nickel does not occur native, though an alloy with iron forms 
the chief constituent of many meteorites. Its chief ores are 
gamierite, a silicate of nickel and magnesium found chiefly in New 
Caledonia, and nickeliferous pyrrhotite, a sulphide of iron and 
nickel. Of minor importance are the sulphide, arsenide, and 
arsenate described below. A great number of other minerals 
are known which contain nickel, any of which, if found in suf&cient 
quantity, would form a valuable source of the metal. They appear, 
however, to be very rare, and are not therefore described here. 
Descriptions will be found in any text book of Mineralogy. Nickel 
occurs to a slight extent in all cobalt ores, and cobalt in all nickel 
ores. The ores occur usually in association with basic igneous 
rocks. 

The most important use of nickel is in making various alloys, 
but the pure metal is largely used for various metal instruments, 
ornaments, and other articles, as well as for plating such articlee 
when made of cheaper metals. By far the most important alloys of 
nickel are those with steel, which is thereby rendered much stronger, 
harder, more elastic and less liable to corrosion. Such steels are 
extensively used for armour plate, projectiles, heavy guns, j)ro- 
peller-shafts, railway axles, etc. The nickel is added to the steel 
either in the form of the pure metal, or one of the alloys ferro-nickel, 
chrome-nickel, tungsten- nickel, or molybdenum- nickel, whose names 
indicate their composition. Alloys of nickel and copper in various 
proportions are used in many countries for coinage. An alloy of 
nickel, copper, and zinc, known as " German Silver " is extensively 
used for various implements and ornaments. 

Nickel oxide is used to add to steel for making nickel-steel. 
Nickel ammonium sulphate in solution for nickel-plating. 

Garnierite.— Hydrous silicate of nickel and magnesium. 
Nickel, 43 to 48 per cent; cobalt, trao€ to '5 percent. Massive, 
clay-like. Dark or pale green, or chocolate ; opaque, dull. Very 
soft. G., 2'5. Occui's in veins and stockworks in serpentine and 
peridotite. 

Uses. — One of the chief sources of the metal and its compounds. 
Ores practically free from cobalt are the most valuable. For market 
the ore should be hand picked up to a minimum of 7 per cent. 
4350. — Green G^amierite, New Caledonia. 

Nickeliferous Pyrrhotite, — Sulphide of iron and nickel. 
(FeNi)7.S8. Nickel, 0*5 to 10 per cent ; cobalt, trace to 0*5 per 
cent. Metallic, massive, or crystaUised. Bronze-brown, opaque, 
magnetic. Soft, brittle. G., 4*6. Occurs in veins with quartz, etc. 
in basic igneous rocks. 
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Uses.— -An important source of nickel and its compounds. The 
freer the ore from cobalt the more valuable it is. For smelting, the 
ore should be dressed to a minimum of 2 per cent, nickel. 
1415. — Nickeliferoos Pyrrhotite, Southern Cross, 
T. 122i— NiokeliferouB Pyrrhotite, Sudbury, Canada. 

Millerite.— Sulphide of nickel, NiS. Nickel, 64 per cent. In 
be cijstals or radiated massive. Metallic, yellow or brown, opaque. 
Soft, brittle. G., 5'5. Found in veins of quartz or calcite. 

Uses. — A minor source of nickel owing ti> its rarity. 

T. IM.— MiDerite, Pennsylvania, U.S^. 

Niccolite (Kupfernickel). — Arsenide of nickel, NiAs. Nicrkel, 
^ to 44 per cent. Massive, metallic. Light copper colour, o|)aque, 
tmiishes readily. Hard, brittle. G., 7*5. Found in vems of 
^ttrtz or calcite. 

Uses. — See MiUerite. 

T. 119-— Niooolite, Bebra, Saxony. 

PLATINUM, IRIDIUM, AND OSMIUM. 

These are all rare metals resembling one another closely and 
tnod closely associated in nature, they will therefore be dealt with 
tep?tber. 

Platinum is a bright, greyish, white, malleable, and ductile metal. 
It is very infusible and not readily acted on by the strongest acids, 
it a red heat platinum can be welded with ease. Its specific gravitv 
ii 21 '5. Its chief use is in the manufacture of chemical ware such 
u vessels for the concentration of acids, weights, etc. Other 
important uses are in the manufacture of platinotyf)e photographic 
faper, and in various electrical appliances. Besides this it is used 
m jewellery, in physiological and surgical instruments and in 
tetigtry, and m the ** Contact Process " of manufacturing sulphuric 
•od. Alloyed with iridium it is not only used for chemical ware, 
Wt also for standard weights and measures, etc. Platinum tetra- 
<Uoride is used as a chemicid re-agent. 

Iridium is a hard, white, brittle metal, extremely heavy, its 
fedfic gravity being 224. It is not used uncombined in the arts, 
b from 5 to 10 per cent, is frequently alloyed with platinum, 
TUch is rendered much harder and more durable thereby. Iridium 
onde is used in porcelain painting. An alloy with osmium is used 
for compass bearings and for tipping pens. 

Osmfbm is an extremely hard, bluish metal, insoluble in all 
•rids, even aqua regia. It is one of the heaviest substances known, 
baring a specific gravity of 22*5. Its chief use is in incandescent 
deetric lights, for which it is the most efficient material yet 
experimented with. It is also used in alloys with iridium, as 
described above. Osmium oxide is used as a black stain in optical 
Apparatus. 



46 

These three metals are almost always found in nature together, 
rarely in lodes, more frequently in river or beach sands in the form 
of native platinum, native iridium, and osmiridium. The only 
native compound of these metals of any importance is the arsenide 
of platinum, sperrylite. 

Platinum (Native). — Platinum alloyed with iron, iridium, 
etc. Platinum, 50 to 86 per cent. ; iridium, trace to 20 per cent. ; 
osmium, trace to 10 per cent. In small grains or scales, occasionally 
in large nuggets. Greyish white, bright, metallic, malleable, soft, 
sometimes magnetic. G., 14 to 19. 

Uses. — The chief source of platinum and its compounds, and 
to a minor degree, of iridium and osmium. 

6102.— Platinum Sands, Clarence River. N.S.W. 

Iridium (Native). — Iridium alloyed with platinum, etc. 
Iridium, 30 to 76 per cent. ; platinum, 20 to 55 per cent. ; osmiimi, 
trace. In angular white metallic grains. Slightly malleable, hard. 
G., 22 7. 

Uses. — A rare mineral, used as a source of iridium and 
platinum and their compounds. 

Osmiridium (Iridosmine). — Native alloy of iridium and 
osmium. Iridium, 43 to 77 per cent. ; osmium, 17 to 49 per cent. ; 
platinum, trace to 3 per cent. In small flattened grains, sometimes 
hexagonal in outline, with basal cleavage. White or grey, metallic. 
Barely malleable, hard. G., 20. Found in sands associated with 
platinum, gold, etc. 

Uses. — The chief source of iridium and osmium and their 
compounds. 

5103.— Osmiridium, Clarence £iver, N.S.W. 

Sperrylite. — Arsenide of platinum, PtAsj. Platinum, 56 
per cent. In small cubical crystals. White, metallic, brilliant^ 
opaque. Brittle, hard. G., 10*6. 

Occurs in veins, usually with copper ores, but occasionally with 
nickel and gold. 

Uses. — A minor source of platinum and its compounds. 

POTASSIUM. 
This metal was first separated early in the l^h century, 
though some of its compounds, notably nitre, had been in use by 
man from time immemorial. It is a very soft, white, plastic, and 
sectile metal, which is rapidly oxidised by air or water; so that it 
has to be preserved under mineral oils. It is one of the lightest 
metals known, its specific gravity being less than one. 

Potassium occurs as a constituent of very many rocks, especi- 
ally granites, but cannot be profitably extracted from them or from 
any of the natural silicates, such as potash mica or felspar. The 
commercially most important minerals containing potassium are the 
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nitrate, nitre, or saltpetre ; the chloride, sylyite ; the double chloride 
TJth magnesium, eamallite ; and the double sulphate and chloride, 
bioite. 

Metallic potassium is not of commercial importance. Of the 
highest importance, however, are the nitrate and chlorate, used as 
(ODitituents of various explosives, and the various soluble potash 
altB used as fertilisers. Potassium cyanide is largely used as a 
nlTent for gold. Potassium chromate and bichromate are put to 
nnj uses («eep26). Potash alum is a most useful salt, and is 
Ascribed under aluminium, page 12. Potassium hydrate, carbon- 
tie, ferrocyanide, iodide, bromide, etc., are put to various medicinal 
lod other uses. 

Nitre. — Nitrate of potassium, KNO,. Potash, 46 per cent. ; 
litoDgen pentoxide, 53 per cent. Crystallised, in thin crusts or 
porder. White, translucent. Very soft, brittle. G., 21. Occurs 
um efflorescence on the soil in dry countries. 

Uses. — After refining,' is largely used in manufacturing gun- 
piyvder and other explosives. Also used as a fertiliser and in curing 
Kit, etc. 

Sy I vite,— Chloride of potassium, KCl. Potassium, 52 per 
flBl (equal to potash 62 per cent.), but frequently intimately 
liftd with common salt. Crystallised, massive, granular, or com- 
JkL Colourless, white, or tinted. Transparent to translucent. 
Tbt 8oft, brittle. O., 2*0. Occurs in beds in sedimentary 
^Mits. 

Uses. — Used as a fertiliser and as a source of various salts of 
potusium, it« value depending upon its purity and richness in 
ptanium. 

Carnalllte. — See page 39. 

Kainite (Kainit). — Hydrous chloride and sulphate of potas- 
nmn and magnesium. Potassium 13 to 16 per cent, (equal to 
potash 16 to 20 per cent). Crystallised or granular, massive. 
Colourless, white, or tinted ; translucent. Soft, brittle. G., 2*1. 
^n in sedimentary deposits. 

Uses. — ^A very valuable fertiliser and source of potassium 
^ Value depends on purity and richness in potassium. 

SILVER. 

Silver has been known to man for man^ centuries, being one of 
tk few metals known to the ancients. It is white, and capable of 
a most brilliant polish, which undergoes no change in air or water 
Oiless sulphur be present, when it is blackened. In malleability 
Mkd ductility it is second only to gold, than which it is slightly 
kuder. It is the best known conductor of heat and electricity. 
Iti specific gravity is 105, or between that of copper and lead. 

Silver occurs native in a state of considerable purity and also 
oocuTB alloyed with gold. It also occurs in a vast number of com- 
poimds, comparatively few of which, however, constitute important 
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ores of the metal. Chief of these are the sulphide, argentite ; the 
sulphides of silver, autimonj, and arsenic, stephanite, pyrargyrite, 

Eruustite, and polybasite ; the chloride, cerargyrite, and the chloro- 
romide, embollte. Most lead ores, especially galena, contain more 
or less silver, also most copper ores, especially tetrabedrite (fahl- 
ore) and chalcocite. Blende, pyrites, and mispicke], also, at times, 
carry notable quantities of silver. 

Metallic silver is largely used in the arts for preparing allojs 
and silver salts, and for plating various articles of utility and 
ornament. It is also used in assaying. The chief alloy is that 
with copper, which possesses all the beauty of the original silver, 
but is much harder. It is extensively used for e4)inage, tableware, 
jewellery, and innumerable articles of ornament, etc. The chief 
use for silver salts is in photography; the nitrate, bromide, chloride, 
and other compounds being used for this purpose. The nitrate is 
also used in analytical work, in medicine, and in the manufacture of 
marking inks. 

Native ores of silver are used solely for the production of the 
metal, from which allovs or salts are subsequently obtained as 
desired. Their value depends upon the amount of the metal 
present and the ease with which it can be extracted. They occur in 
lodes and veins in crystalline and other rocks. 

Silver (Native).— Silver, 70 to 99 per cent.; gold, trace to 30 
per cent. Crystallised, dendritic, massive, or in scales. White, or 
tarnished grey or black, metallic, opaque. Malleable, soft. G-., 10*5. 

Uses. — See above. The gold present is occasionally of con- 
siderable value. 

T. 24. — Native Silver, Spain. 

Argentite. —Sulphide of silver, AgjS. Silver, 87 per cent. 
Crystallised or massive. Black, metallic, opaque. Very soft, sec- 
tile. G., 7-3. 

Uses. — See above. 

Stephanite. — Sulphide of silver and antimony. Silver, 68 
per cent. Crystallised or massive. Black, metallic, opaque. Very 
soft, brittle. G., 6*2. 

Uses. — See above. 

Pyrargryrite (Dark Ruby Silver Ore).— Sulphide of silver 
and antimony. Silver, 58 to 61 per cent Crystallised or compact, 
massive. Black or deep red, metallic, opaque except in thin splin- 
ters. Soft, brittle. G., 5*8. 

Uses. — See above. 

Proustite (Light Ruby Silver Ore). — Sulphide of silver and 
arsenic. Silver, 63 to 65 per cent. Crystallised or compact, maa- 
sive. Red, brilliant, transparent to translucent. Very soft., brittle- 
G., 5-6. 

Uses.— Ti8^e« above. 
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Poiybasite. — Sulphide of silver, antimonj, and copper. Sil- 
Ter, 62 to 72 per cent. Crystallised, metallic. Black and opaque, 
fioe^t in thin splinters, which are red to translucent. Soft, brittle. 
G., 61. 

Uses. — See above. 

Cerargyrite (Horn Silver). — Chloride of silver, AgCl. Sil- 
ver, 75 per cent. Sometimes crystallised, usually massive, wazlike. 
White, greyish, or greeuish, turns br )wn on exposure to the light. 
Transparent or translucent. Very soft and sectile. G., 6'5. 

Uses. — See above. 

T. 27.— Cerarjfyrite, Broken Hill, N.S.W. 

Embolite.— Chloro-broroide of silver, Ag(ClBr). Silver, 61 
to ^ per cent. Crystallised or massive. Q-reen or yellow, darken- 
ing CD exposure to light. Transparent to translucent. Very soft, 
let-tile. G., 5-4. 

Uses. — See aboy^. 

Argrentiferous Galena, Tetrahedrite, and Blende, are 
iuportant oiee of silver, but when argentiferous have their usual 
appearanoe and characteristics. They are described elsewhere. 
(Gralena, page 36, tetrahedrite, page 30, blende, page 61.) Many 
«lier minerals contain considerable percentage of silver, and if foimd 
ia any quantity would constitute valuable sources of the metal. 
These minerals are of rare occurrence, and are described in text 
books of Mineralogy, q.v. 

SODIUM. 

Sodium, the metallic constituent of common salt, was first 
isolated and examined early in the 19th century. It is a soft, white, 
pltttic metal, which is slightly lighter than water. It melts at a 
tonperature below that of boiling water, and is one of the best 
bown conductors of heat and electricity. It oxidises rapidly in 
moist air or in contact with water. 

Sodium does not occur native, but is widely distributed in the 
tern of yarious rock-forming silicates and as the chloride, common 
nit. This latter is the chief source of the metal and its salts. 
The nitrate, chili- nitre; sulphate, thenardite ; and sesquicarbonate, 
trona, also occur native. 

Metallic sodium is a most useful reducing agent, and is there- 
fore used in the reduction of aluminium and other metals from 
their ores, as well as in the preparation of many organic compounds. 
Sodium amalgam, formed by dissolving sodium in mercury, is a 
good solvent for gold, and is largely used in gold amalgamation. 
A liquid alloy of sodium and potassium is used for high temperature 
thermometers. 

The artificial compounds of sodium are manufactured on an 
enormous scale for many purposes. The peroxide is a most useful 
bleaching and general oxidising agent. Sodium chloride, both 
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crude and refined, is perhaps the most useful of all sodium 
compounds (see under Salt, infra). The carbimate, "soda," is 
mainlj used in the manufacture of soap and glass, besides being 
put to a great number of other industrial and domestic purposes, 
8ucb as the extraction of aluminium from its ores, the production of 
caustic soda, the refining of gold, and other metab, etc., in 
photography, analytical chemistry, etc. The bicarbonate is used as 
a source of carbonic acid for aerated waters, in cookery, in 
metallurgical processes, in scouring wool, etc. The hydrate, 
caustic soda, is used for the same purposes as the carbonate, as well 
as for the production of soluble glass, various organic dyes, and 
bleaching liquors, and for purifying crude oils, etc. The sulphate 
is used in the manufacture of many forms of glass ; the thiosulphate 
in extracting silver from its ores, and in photography. Many other 
sodium salts are used for various industrial, medicinal, and other 
purposes. 

Salt. — Chloride of sodium, NaCl. Sodium, 61 per cent.; 
chlorine, 39 per cent. Usually crystallised, also massive, compact, 
or granular. Colourless or tinted; transparent to translucent. 
Soft, brittle, G., 2*2. Occurs in stratified deposits or in beds of 
salt lakes. Also in solution, in large quantity, in sea water, and the 
water of many lakes and springs. 

Uses. — Chiefly used, both crude and refined, as a food for men 
and animals, and as a source of soda and other sodium compounds. 
Also largely used as a source of chlorine and hydrochloric acid, as a 
preservative of meat, skins, etc. ; as a glazing material for pottery- 
ware ; in the metallurgy of gold and silver, etc. The value of the 
mineral depends upon its purity and freedom from admixed sand 
and compounds of lime, magnesium, and iron. 

5366.'Ory8talliBed Salt, Bottnest Island. 

Chill Nitre.— Nitrate of sodium, NaNOj. Soda, 36 per 
cent. ; nitrogen pentoxide, 64 per cent. Sometimes crystallised, 
usually massive. White or tinted, transparent. Very soft, some- 
what sectile. Q-., 2*3. Occurs in beds of dry lakes in desert 
regions. 

Uses. — Chiefly used as a fertiliser and as a source of nitric 
acid, the percentage of nitrogen pentoxide governing its value for 
both purposes. Also used in the manufacture of nitre and sodium 
nitrate (for dyeing). 

Trona. — Hydrous sesquicarbonate of sodium. Soda, 41 per 
cent. ; carbon dioxide, 39 per cent. Crystallised or massive, fibrous 
or columnar. Grey or yellowish white, translucent. Soft, brittle. 
G., 2*1. Occurs in beds or crusts in the beds of dry lakes in desert 
countries. 

Uses. — A source of sodium carbonate. 
Borax. — Borate of sodium ; see page 17. 
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STRONTIUM. 

Strontium is a somewhat rare me^al, which has been known for 
about a oentuxy. It is a soft, yellowish -white metal, of the same 
weight as aluminium. It is malleable, melts readily, oxidises 
npidly in the air, and decomposes water with violence. 

Strontium occurs in small quantities in most limestones and 
other mineral substances containing calcium. Its only ores are the 
carbonate (strontianite), and the sulphate (celestite). 

The metal finds no application in the arts. The hydrate is 
Qsed in the extraction of sugar from molasses, and the nitrate in 
pTTotechny as a constituent of all red fires. 

Strontianite. — Carbonate of strontium, SrCOj. Strontia 
(strontium oxide), 63 to 70 per cent. Crystallised, fibrous, or 
gnnular. Pale green, white, yellow; transparent to translucent. 
Soft, brittle. G., 3*7. Occurs in veins in granite or limestone. 

Uses. — A source of strontium salts. 

Celestite. — Sulphate of strontium, SrSO^. Strontia, 50 to 
56 per cent. Crystallised, fibrous, globular, or granular. White, 
pale blue, pale red ; transparent to opaque. Soft, brittle. G., 40. 
Oocors in veins, etc., in limestone and sandstone. 

Use. — A source of strontium salts. 

SULPHUK. 

Sulphur is one of the commonest of the non-metallic elements, 
ind has been known from time immemorial. In its ordinary form 
it ia a bright yellow crystalline substance, which melts readily and 
boms with the production of pungent fumes. 

Sulphur occurs to a considerable extent in the free state in all 
Tolcanic districts. Its commonest compound is pyrites, sulphide of 
iioQ; whilst sulphides of lead, copper, and other metals are of 
&«quent occurrence. Sulphates of lime and other metals are also 
common, but do not constitute a source of sulphur. Sulphur is 
tbo a constituent of coal and of animal and vegetable substances. 

The most important use of sulphur is in the manufacture of 
nlphuric acid, but it is also largely used for making gun and 
wting powder, sulphurous acid for vulcanising rubber, as an 
inaecticide, for fumigating, and for the preparation of various 
lolphur compounds. By far the most important compound of 
>alphur is sulphuric acid, used in the manufacture of sodium 
carbonate (soda), hydrochloric, nitric, stearic, and other acids, alum, 
rther, nitro-glycerine, superphosphate, various metallic sulphates, 
^. Sulphurous acid, metallic sulphites, and sulphates are used 
for a variety of purposes. 

Sulphur (Native). — Pure sulphur mixed with various 
quantities of clay and other accidental impurities. Crystallised, 
nuwaive, or earthy. Yellow, transparent to translucent. Very 
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soft, brittle. G., 2'0. Occurs in beds, veins, and irregular deposits 
in the vicinity of active or extinct volcanoes and hot springs. 

Uses. — An important source of refined sulphur and sulphuric 
acid. Value depends upon its purity. 

Pyrites. — Sulphide of iron, FeSj. Sulphur, 53 per cent. 
Metallic, massive, or crystalline. Pale brass-yellow, opaque. 
Hard, brittle. G., 5 0. 

Uses. — Largely used as a source of sulphur in sulphuric acid 
manufacture. For this purpose the ore should be free from arsenic, 
and should be dressed up to at least 45 per cent. Also used to a 
slight extent as a source of (.^opperas (iron sulphate). 

4204; — Pyrites, Crystals, Broad Arrow. 

4039- — Pyrites, N'orthampton. 

1103.— Pyrites, Coolgardie. 

THALLIUM. 

This very rare metal was discovered in 1861. It is bluish 
white in colour, soft and malleable, and melts below a red heat. It 
is slowly affected by air and water at ordinary temperatures. Its 
specific gravity is slightly higher than that of lead. 

Thallium does not occur native, but is found in traces in ceilain 
samples of pyrites, and can be recovered from the flue dust when 
such samples are burnt for sulphuric acid manufacture. Thallium 
also occurs as the sulpharsemde, lorandite; and the selenide of 
copper, silver and thallium, crookesite. 

Metallic thallium is not of any use in the arts, but the oxide is 
a constituent of certain varieties of optical glass, and the nitmte is 
used in examining gems, natural and artificial, and for certain other 
laboratory purposes. 

Lorandfte. — Sulpha rsenide of thallium, TlAsS^. Thallium, 
59 per cent. Crystallised with a perfect cleavage. Red, often 
tarnished dark grev, metallic, biilliant, translucent. Soft, flexible. 
G., 5-5. 

Uses. —A source of thallium salts. 

Crookesite. — Selenide of copper, silver and thallium. 
Thallium, 16 to 19 per cent. ; silver, two to five per cent. Massivei, 
compact. Lead grey, metallic, opaque. Soft, brittle. G., 6*9. 

Uses. — A source of thallium salts and silver. 

THORIUM. 

This rare metal was discovered in 1828. It is grey in colour, 
as heavy as lead, and not altered by the atmosphere, unless strongly 
heated, when it takes fire and bums. 

Thorium occurs in nature in several rare silicates, titanates, 
and phosphates, of which the moat important is monazite, which is 
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at present almost the sole source of thorium compounds. These 
mioerals occur in crystalline rocks, especially m^nite and gneiss, 
and the heavy sands in rivers and on ocean beaches, resulting from 
their weathering. It is from these sands that almost all the 
commercial ore is obtained. 

Metallic thorium has not, so far, been put to any use. Its most 
important compounds are the oxide and nitrate. The former, when 
mxed with a little oxide of cerium or zirconium, possesses in a 
Barked degree the power of giving out an intense light when heated. 
For this reason it forms the chief constituent of Welsbach gas 
mantles and of the glower of the Nemst electric light. The nitrate 
19 the salt which i» used as a source of the oxide for these lamps. 

Monazite. — Phosphate of cerium, lanthanum, and didymium 
(CeLaDi)P04, with variable amounts of thorium oxide from a 
tnoe up to 18 per cent., the average being 2^ to 3{ per cent. 
CiTBtalline or in water- worn grains, yellow or brown, semi- 
tnnsparent, brittle, hard. Q,, 51. 

Uses. — This mineral is the chief source of thorium salts, and its 
nhie is entirely dependent upon the percentage of that metal 

Ent. The sands containing the mineral are concentrated by 
or in hydraulic sluices, and if the resulting material does not 
Mtain 60 or 70 per cent, of monazite, it is still further concen- 
tred by drying and removing all magnetite and titaniferous iron 
ly an electro-magnet. For the market the dressed ore should 
Mitain 70 to 95 per cent, of the pure mineral. 
5437- — ^Monazit« Sand, North Carolina, U.S.A. 

Thorite.— Silicate of thorium, ThOj.SiOo. Thorium oxide, 50 
t«> 81 per cent. Crystallised or massive ; yellow, brown, or black ; 
•nni-transparent, brittle, hard. G., 5. 

Uses. — A source of thorium compounds, the value of the 
oiineral depending on its thorium contents. 

TIN. 

Tin has been known for a great number of centuries, the 
Kmans drawing supplies from Cornwall. It is a bright white 
>etal which does not tarnish in 'the air. It is ductile, and very 
ittlleable. Its specific gravity is 7*2, or the same as zinc. It melts 
kkw a red heat. 

Occasional grains of metallic tin have been found in various 
parts of the world, but they are very rare, and their origin is a 
matter of doubt. The chief ore of tin is the dioxide, cassiterite, or 
tinstone. Small amounts of the metal have also been obtained 
hrom stannite, a sulphide of tin, copper, and iron. 

The chief use for metallic tin is as a coating to sheet iron, the 
•o-called tin-plate, by which the sui-face of the iron is prevented 
^m rusting or from contaminating articles of food, etc., stored or 
cooked in them. Pure tin, or block tin, as it is called, is used also 
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for various domestic and other appliances, such as still-worms, etc. 
Thin sheet tin, or tin-foil, is used in backing mirrors, wrapping up 
tobacco, soaps, sweetmeats, etc. Laige quantities of tin are aaed in 
making ranous alloys, the most important of which are the 
following: — Solder and pewter (tin and lead) ; britannia metal (tin, 
lead, copper, and bismuth) ; gun metal (bell metal and some bronze, 
tin, and copper) ; other bronzes (tin, copper, and zinc or lead) ; 
phosphor-bronze (tin, copper, and phosphorus) ; fusible metal (lead, 
tin, bismuth, etc.). 

Several compounds of tin are largely used in dyeing and calico- 
printing; viz., stannous chloride, stannic chloride, stannic-ammonium 
chloride, and sodium stannate. The artificial dioxide (putty powder) 
is largely used for polishing metals, glass, stones, and gems, and as 
a constituent of enamels. Stannic sulphide, or mosaic gold, was at 
one time used as a substitute for gold-leaf. 

Casslterlte (Tinstone).— -Oxide of tin, SnO,. Tin, 68 to 
78 per cent. Crystallised, massive, or in rolled grains. Brown, 
black, red, or grey ; translucent to opaque. Hard, brittle. 0-., 7"0. 

Occurs in veins or altered bands in granite, or in veins in 
sedimentary rocks close to their contact with granit<e ; also largely 
in alluvial deposits derived from their denudation. 

Uses. — The main source of tin and its compounds. The value 
of tin ores depend upon their richness in tin, and upon the nature 
and amount of associated minerals. For smelting, tin ores should 
be dressed up to at least 55 per cent, metal, as, otherwise, a large 
loss is experienced in smelting. Where the tinstone is accompanied 
by wolfram, tantalite, stibiotantalite, or other minerals of the same 
or higher specific gravity, the ordinary methods of water concentra- 
tion are unable to remove these impurities, and the concentrated 
ore is consequently low in grade and loses greatly in value. Such 
constituents are, therefore, a considerable drawback to the ore. 
Stibiotantalite is also very objectionable, because it introduces 
antimony into the smelted tin. The most valuable tin ores are those 
entirely free from all other metallic minerals. 

2026« — Caesiterite (stream tin), Coglegong Creek, Pilharra Goldfield 

1287. — Caesiterite (atream tin), Greenbashes. Low-grade ore with 
much tantalite and stibiotantalite. 

1909. — Cassiterite in greisen, Greenboshes. 

5397.— Cassiterite in albite vein, Moolyella, Pilbarra Goldfield. 

Stannite (Tin Pyrites). — Sulphide of tin, copper, iron, and 
zinc. Tin, 23 to 27 per cent. ; copper, 29 per cent. Massive or 
granular. Metallic, black or dark grey, opaque. Soft, brittle. 
G., 4*4. Occurs in veins in granite or slate. 

Uses. — A very rare source of tin and its compounds. The 
copper present adds to the value of the mineral. 

T. 19.— Stannite. Cornwall, England. 
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TITANIUM. 

This metal in small quantities is very widely distributed, being 
found in all igneous rocks and maoy sedimentary ones. It was first 
&corered at the end of the eighteenth century, and in its purest 
form is a dark grey powder, lighter than iron, which burns brightly 
a being heated in the air. It dissolves readily in dilute acids. 

Titanium nerer occurs native. Its most common compound is 
loeoite, the titanate of iron, which occurs as a constituent of many 
sxb, and is often found as " black sand " along rivers and sea 
««t8. The only other mineral which constitutes a source of 
tiuiium is the oxide, rutile. 

MetaUic titanium is not used in the arts, but alloys with iron, 
bown as ferrotitanium, are at times added to cast iron and steel, 
vith the effect of increasing their strength and hardness. Titanium 
«ide is used in porcelain painting, and enters into the composition 
4f artificial teeth. 

Ilmenlte.— /S^ee page 35. 

Rutile.— Oxide of titanium, TiO^. Titanium oxide, 90 to 100 
p cent. ; titanium, 54 to 60 per cent. Crystallised or compact, 
■isiTe. Brown, red, yellow, occasionally other tints ; transparent 
•opaque. Hard, brittle. G., 42. 

Uses. — A source of titanium alloys and compounds. When 
^ pure, used for same purposes as artificial titanium oxide. 
T. 111.— Butile, Norway. 
1019. — Butile, Greenbaahes. 

TUNGSTEN. 
This metal was discovered in 1782. It is as heavy as gold, 
bnt of grey colour, and is practically unaffected by the atmosphere, 
^a its pure form the metal has no application in the arts. 

Metallic tungsten does not occur in nature, its chief ores being 
fte tongstate of iron, manganese, and lime, compounds of oxide of 
^"Dg>ten with oxides of those metals. These ores usually occur in 
^*rtz veins in granite, greenstone, or slate, and are principally 
J|»d in the United States, Austria-Hungary, Spain, and Quetms- 
W. They are known to occur in this State at KalgoorUe, 
wjigardie, Southern Cross, the ranges near Geraldton, and in the 
"wa district. 

The chief use of tungsten is in hardening steel, for which 
impose it is put on the market either as the impure metal or as 
^tungsten, an alloy of iron and tungsten obtained by smelting 
•olfpam. Tungsten-steel, containing from 2 to 12 per cent, of the 
'^i^, is largely employed for ^uns and machine-tools, and to a less 
^^t for rails. Nearly all the Sheffield crucible-steel makers are 
j^ to make use of it to a slight extent. The German Government 
«*a aho tried it in bullet-making, as a small percentage of tungsten, 
^ed to lead, renders it harder and increases its penetrating power, 
^thout raising its melting point. 
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The only compound of tungsten which is used in the arts is 
sodium tungstate, a white crystalline salt used as a mordant and 
for saturating inflammable materials to render them non-inflam- 
mable, also for hardening plaster of Paris. 

Wolfram or Wolframite. — Tungstate or iron and maganese, 
(FeMn)W04. Tungsten, 60 per cent.; tungstic oxide, 76 per 
cent. ; massive or crystallised. Somewhat hard, black or dark brown^ 
opaque, brilliant lustre, well marked cleavage. G., 7-4. 

Uses. — Used solely as a source of tungsten, ferro-tungsten, and 
sodium tungstate. Its commercial value depends almost entirely 
upon the percentage of tungstic oxide present, but, other things 
being equal, an ore containing traces only of phosphorus and sulphur 
is worth more than one containing appreciable quantities of those 
substances. Ores containing wolfram are readily concentrated by 
hand or by machinery, and for export such concentrates should 
assay not less than 60 per cent, of tungstic oxide. Ore over 55 per 
cent, is worth considerabl}' more per unit than ore under that grade. 
Any admixture of tin ore lowers the value of the product. 

614* — Wolfram, Boeboume. 
4366.— Wolfram. Herberton, Qld. 

H uebnerl te. — Tungstate of manganese, MnWO^. Tungsten, 
60 per cent.; tungstic oxide, 76 per cent. Similar in appearance and 
properties to wolfram. 

Uses. — See Wolfram. 

Scheellte. — Tungstate of lime, OaWO^. Tungsten, 64 per 
cent. ; tungstic oxide, 80 per cent. ; massive or crystallised. White 
or slightly tinted yellow, etc., brilliant lustre. Hard, brittle. G., 6'0. 

Uses, etc. —See remarks under Wolfram. 

11S99*— Scheelite, Coolgardie. Massive yellow, with a considerable 

amount of impurity. 
1414. — Scheelite, Southern Cross. Clean, yellow, massive, in qoartE 

vein. 
1358.- Scheelite, Hillgrove, N.S.W. Clean, white, massive. 

[The following extract from a report by Mr. C. P. V. Jackson, 
Assistant Geologist, gives some further particulars in connection 
with the uses and values of wolfram ores : — 

Tungsten ores are frequently found associated with tin and in stan- 
iferous leads, and considerable supplies have been derived from tin workings 
and by working over the waste from old tin-dressing floors. In addition to 
such deposits as are included above, wolfram occurs in veins and small 
bunches in crystalline and metamorphic rocks generally associated with a 
gangne of quartz. In North Queensland, the principal source of the 
mineral in Australia, the majority of the wolfram-producing claims lie along 
a fairly continuous reef of quartz, the granite for some distance on either 
side being intersected by an irregular system of smaller quartz veins and 
offshoots, from which the wolfram is chiefly obtained. The output of the 
Queensland fields from 1894 to the end of 1903 was estimated at 947i tons. 
New South Wales, South Australia, Tasmania, and New Zealand have pro- 
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daeed small quantitiee, but the output has generally been only indirectly 
recorded or stated under the head of sundry minerals, and for this reason 
ftlso the world's statistics are not immediately available. The tungsten 
combined in wolfram is generally estimated as tungstic acid, the pure 
mineral (tungstate of iron and manganese) containing from 73 to 76 per 
«ait. of tungstic acid. The commercial ore, owing to the admixture of 
quarts and other impurities, rarely contains over 70 per cent., but should be 
Creased to contain not less than 60 per cent., the price for the ore being 
bMed on the ruling rate for 60 per oent., plus an additional sum for every 
Bit of tungstic add above 60. 

Until recent years, about the only uses of tungsten were in the prepara- 
tisn of the salts of the metal for various technical purposes ; its chief use 
Kfv js either in the form of the alloy, ferro-tungsten, or as the powdered 
■etsl, in the manufacture of tungsten steel. Alloys are also made of tung- 
tak with aluminium and oopper, the latter being used in the manufacture 
i propeller blades. Ferro-tungsten, the alloy of tungsten, is easily prepared 
bm. wolfram and scheelite by direct reduction wi& iron or ferric oxide. 
Toiu^sten, when added to steel in small proportions, renders it particxdarly 
Wd, and also self-tempering. Tungsten steel is therefore used in the 
MBufacture of tool steel and wearing parte of machinery, but particularly 
k heavy guna and battleships' armour, Qermany, in consequence, being 
ae of the best markets for tungsten. Some three years ago it was estimated 
^ about 75 tons of tungsten were used annually at the Krupp worka in 
ik manufacture of sruns, etc., the market value of tungsten losing com* 
(Natively low. During the last three years there has been a great rise in 
tb price, and wolfram has gone from .£30 per ton to jBISO or £14/0 per ton 
^ ore containing 60 per oent. of tungstic acid. A note in 1/ Echo det 
His et de la Meiallurgie states that "the price of ferro-tungsten in 
haee last October was, for alloy containing 80 per cent, of tungsten, 4fr. 
|k 2d.) per unit. In December it had advanced to 6fr. (48. 9d.), and is now 
9!. (oB. 6^.) per unit, with no chance of getting prompt delivery.'' This 
liranoe in price is attributed to deposits of tungsten minerals being scarce, 
tfHinited extent, and little developed; while the demand has developed so 
|iddenly during the present year that there is no prospect of meeting it 
immediately. At the middle of last year wolfram was selling on the fields 
a Xorth Queensland at £29 per ton, and at the end of 1903 it was £50, 
aBce when it had risen to over j6120. It is there chiefly purchased by 
BgentB, who visit the field for the purpose. In this connection, however, 
vkile the f^enexal statement that wolfram in August last was worth J6130 to 
A40 per ton might be accepted as indicating the market conditions erist- 
ic, the fact is not to be lost sight of that the demand for wolfram is, 
omparatively speaking, small and somewhat irregular, ttmgfsten only being 
^ in snosJl proportion for steel suited to a few purposes. Moreover, 
^ is hardly reasonable ground or reliable data for assuming that the 
■arket is sufficiently stable to render mining for wolfram, except where it 
^Tbe obtained as a bye-product, more than a highly speculative business, 
<aee the prices are liable to rise and fall considerably, and whilst the 
■aenJ mi^ht go up to JB200, there is no sufficient guarantee that more 
<lM&Lclant supplies and an increase of production will not suddenly put it 
J*cktoje30.J 

URANIUM AND RADIUM. 

These two rare metals occur together in nature in the same 
minerals, and will therefore conveniently be dealt with together. 

Uranium compounds were known and recognised as early as 
1789, but it was not till 1842 that the metal was isolated. It 
resembles nickel in appearance, is malleable, and hard and as heavj 
AS gold. It tarnishes readily in the air, and in the form of powder 
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takes fire at a temperature below the melting point of tin. Both 
the metal and its compounds are radio-active, that is, give out 
energy spontaneously and continuously. 

Radium, the newest and most wonderful of all the metallic 
elements, is only known in combination with other elements, the 
metal itself not having yet been separated. The most interesting* 
and valuable property of radium salts, and probably also of the 
metal, is their extreme radio-activity, which is something like a 
million times as great as that of uranium. 

The chief ores of uranium are uraninite (pitch-blende), a 
complicated compound containing uranium, lead, thorium, etc. ; 
torbemite, phosphate of uranium and copper ; autunite, phosphate 
of uranium and lime; and camotite, vanadate of uranium and 
potassium. All these appear to carry minute amounts of radium, 
varying from one-tenmillioneth to one-millioneth part of the whole. 
These ores occur principally in quartz veins and as impregnations 
in sandstone, sometimes also in pegmatite veins. 

Metallic uranium is only of scientific interest; a little of it 
added to steel in the form of uranium carbide is said, however, to 
improve it for many purposes. The acetate and nitrate are used for 
analytical work and in photography. Uranium compounds are also 
used in enamel painting and for staining glass, uranous oxide giving 
a fine velvety black colour and uranic oxide a delicate greenish- 
yellow highly fluorescent glass, which, besides being ornamental, 
possesses also the property of arresting chemically active rays. 

The most important radium salts are the chloride and bromide, 
which are being largely experimented with for various purposes. 

Uraninite (Pitchi-biende). — Uranate of uranium, lead 
thorium, etc. Uranium, 60 to 75 per cent. ; radium, trace. Usually 
massive botryoidal, sometimes crystallised or granular. G-rey, 
green, brown, or black, with lustre varving from submetallic to 
greasy or dull. Opaque, brittle, hard. 6^., 7 to 9*5. 

Uses. — Used solely as a source of uranium and radium, its 
value depending on the proportion of these metals present. The 
relative proportion of radium present may be roughly gauged by 
the radio-activity of the mineral. That from Johaungeorgenstadt, 
in Saxony, and Joachimsthal, in Bohemia, gives the highest results. 
T, 126.— Uraninite, Cornwall, England. 

Torbernite (Copper Uranite). — Hydrous phosphate of 
uranium and copper. Uranium, 45 to 50 per cent. ; radium, trace. 
Scaly massive or in micaceous crystals. Green, transparent or 
translucent. Brittle, very soft. G., 3*5. 

Uses. — Constitutes a source of uranium and its salts. Radium 
has been detected in some specimens, though in much smaller amount 
than in uraninite. 

T. 127.-— OryetaliiBed Torbemite, Cornwall, England. 
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Autunite (Lime TJranite). — Hydrous phosphate of uranium 
and calcium. Uranium, 44 to 50 per cent. ; radium, trace. Scalj 
massiTe or in micaceous crystals. Yellow, transparent or trans- 
Iment. Brittle, very soft. G., 31. 

Uses. — See Torbemite. 

T. 129.'-Ci78talli8ed Autonite, Cornwall, England. 

Carnotlte.— /9e« under Vanadium, infra. 



VANADIUM. 

Until quite recently vanadium, which was discovered in 1801, 
ns thought to be a very rare metal, and, like all such, commanded 
I price altogether out of proportion to its usefulness in the arts. 
It is now known to be widely distributed over the globe in minute 
fantities. 

Vanadium is a very infusible metal which is but little affected 
W the air at ordinary temperatures, or by contact with many 
Kneral acids. It is grey in colour, and has a specific gravity about 
•e-half that of silver. 

Vanadium occurs commonly in small proportions in most iron 
<K8 (especially titaniferous magnetites) and volcanic rocks, as well 
sin many coals, days, sandstones, and limestones. The clay beds 
itke vicinity of Sydney are vanadium-bearing, the metal showing 
i^ presence by a yellowish-green colouration on the weathered 
ftr&oes of bricks made from it. In spite of this wide distribution 
tf the metal in traces, ores of it (t.6., deposits of minerals carrying 
> notable percentage of the metal) are very rare. The most 
inportant of these are caruotite, a vanadate of uranium and potash 
oecomng in Colorado ; roscoelite, a silicate of potash aluminium 
and vanadium, which has been detected at Kalgoorlie ; and vana- 
&ite, a vanadate and chloride of lead, small crystals of which have 
W found in several gold reefs in Western Australia. One of the 
M eources of vanadium at present is the iron slags from the 
ftwwot Works in Prance, where vanadium-bearing iron ores are 
«dted. 

The pure metal is not ased for any but experimental purposes. 
in alloy of vanadium and iron, ferro- vanadium, is added to steel 
to improve its qualities for many purposes. Steel thus prepared is 
ooinently suited for armour plate, projectiles and machine tools, 
ttooe not only is it extremely tough and hard but it does not lose 
ttia hardness by being heated to a bright red heat and slowly 
<ioo]ed. Vanadic acid is largely used for the production of indelible 
Uack dyes and inks. Various pi^ente used in colouring porcelain 
*od glass also contain vanadic acid. 

Carnotfte. — Hydrous vanadate of potassium and uranium.. 
Vanadium, 11 per cent. ; vanadium pentoxide, 20 per cent. Occurs 
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in yellow disseminated grains and bunches in sandstone in Ck>lorado, 
the rocks being leached with nitric acid to obtain the vanadium. 

Uses. — One of the chief sources of vanadium and uranium and 
their salts. 

Roscoellte. — Silicate of potassium, vanadium, and aluminium. 
Vanadium, 15 per cent.; vanadium pentoxide, 28 per cent. In mica- 
like scales, brown or brownish green. Translucent, soft. Q., 2*9. 

Uses. — Used as a source of vanadium compounds. 

Vanadlnite. — Vanadate and chloride of lead. Vanadium, 4 
to 11 per cent.; vanadium pentoxide, 8 to 20 per cent. In red or 
yellow crystals or incrustations. Brittle, soft, opaque. G., 6*8. 

Uses. — Used as a source of vanadium compounds, and of 
metallic lead. 

T, 82. — Vanadlnite, New Mexico, U.S.A. 

ZINC. 

Zinc, or spelter, is a common metal which has been known to 
civilised man for several centuries. Tt is a blueish white crystalline 
metal, brittle at ordinary temperature, but malleable and ductile at 
a little above the temperature of boiling water. It takes a good ' 
polish and is unaffected by perfectly dry air, but is rapidly coated 
in moist air with a greyish white tarnish, which protects the metal 
from further corrosion. It is readily soluble in dilute acids, and 
has a specific gravity of 71. 

Native zinc has been reported to occur in very small quantities, 
but its occurrence needs confirmation. The sulphide, blende, is a 
common constituent of veins, whilst the oxide zinkite ; the carbonate, 
smithsonite and hydrozinkite, and the silicates, willemite and 
hemimorphite are less common ores. Franklinite, an oxide of iron 
and zinc, occurs plentifully in New Jersey, U.S.A. 

Metallic zinc is chiefly used for roofing purposes, either in 
sheets or as a surface coating upon iron, which is then said to be 
galvanised. Sheet zinc is also used for various internal ornamental 
work, lining packing cases, making water tanks and pipes, etc. In 
plates it is used to prevent corrosion of boilers, also in galvanic 
batteries, in photoengraving, etc. Fine shavings of zinc are used 
to precipitate gold from cyanide solutions ; whilst zinc powder is 
used as a reducing agent in manufacturing organic compounds, as a 
paint, and in the preparation of zinc salts. Spelter is used for 
making castings, for desilverising lead, for coating iron and steel, 
and for making alloys. 

Of metallic alloys the most important are brass and bronze, in 
the preparation of which large quantities of zinc are consumed. 
Zinc also forms useful alloys with alluminium and with nickel and 
copper. 

Oxide of zinc (zinc white), obtained from the metal or direct 
from the ore, is a very valuable pigment which has largely replaced 
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white lead. It is also used as a constituent of many rubber floods, 
^c chloride is used as a disinfectant, and preservative of wood, in 
refining oils, and in making stearic acid, ether, and parchment paper. 
Zinc sulphate is used in dyeing, in the manufacture of glue, and the 
pigmeut known as lithophone, and as a dryer in oil paints and 
famishes. Zinc chromate is used as a pigment. Several zinc salts 
»e used in medicine. 

Blende (Sphalerite).--Sulphide of zinc, ZnS. Zinc, 57 to 
$7 per cent. Crystallised or massive cleavable, granular to com- 
pact. Tellow, brown, black ; transparent to opaque. Soft, brittle. 
&. 40. Occurs in veins in crystalline and other rocks, also in 
irregular masses and veins in limestone. 

Uses. — The commonest source of zinc and its compounds. 
Taltie of this and other zinc ores depends upon percentage of zinc 
pment, and on freedom from lead ores. Ores or concentrates con- 
tuning over 4 per cent, of lead are practically unsaleable to 
soelters. 

T. 80. — Crystallised Blende, Cumberland, England. 

4032. — Massive Blende, Northampton. 

Franklinlte.— 5«« page 35. 

Zinkite. — Oxide of zinc, ZnO. Zinc, 74 to 80 per cent, 
brely crystallised, usually massive granular or foliated. Deep 
nd to orange, translucent. • Soft, brittle. O., 5*6. 

Uses. — A source of zinc. See remarks under Blende. 
T. 90.— Zinkite. New Jersey, U.S.A. 

Smithsonite. — Carbonate of zinc, ZnCO^. Zinc, 42 to 52 
per cent. Crystallised or massive granular or earthy, also stalac- 
titie. White or tinted, translucent. Hard, brittle. G., 4*4. 
Occurs usually in veins and irregular masses in limestones. 

Uses. — See Blende. 

4351.~-Smith8onite, Chillagoe, Qld. 

Hydrozlnklte. — Hydrous carbonate of zinc. Zinc, 55 to 60 
P^ cent. Massive, compact, fibrous, earthy, or stalactitic. Wbite, 
V«!, or yellow; opaque, dull. Soft, brittle. G., 37. 

Uses. — See Blende. 

Willemite.— Silicate of zinc, Zn2Si04. Zinc, 48 to 58 per 
»at. Crystallised, massive, compact, or fibrous. White or tinted, 
tnnsparent to opaque. Hard, brittle. G., 4*0. 

Uses. -See Blende 

T, 94.— Willemite, New Jersey. U.S.A. 

Hemfmorphite. — Hydrous silicate of zinc. Zinc, 50 to 54 

Rcent. Crystallised, stalactitic, fibrous, massive, granular, 
ite or tinted, transparent to translucent. Hard, brittle. G., d'5. 

Uaes. — See Blende. 

T. 93^ — Hemimorphite, Lauriom, G^reece. 



ZIRCONIUM. 

This rare element was discovered at the close of the 1 8th 
century. It is a crystalline metal resembling antimony in appear- 
ance and oxidising but slowly in the air. It is soluble in warm 
acids and has a sp>ecific gravity of 4*1. 

Zirconium does not occur free in nature ; its commonest com- 
pound is the silicate, zircon, which occurs in small quantities in 
granite and other crystalline rocks, and in the sands resulting from 
their denudation. Zirconium also occurs in several rare silicates » 
tantalates, etc. 

The metal is not applied to any useful purpose, but the oxide 
(zirconia) is employed in the glowers of Nemst and other lamps^ 
having the property of yielding an intense light at comparatively 
low temperatures. 

Zircon. — Silicate of zirconium, ZrSiO^. Zirconia, 61 to 67 
per cent. Usually crystallised, also in rolled grains. Colourless or 
tinted, ti-ansparent to opaque. Very hard, brittle. G., 4!"7. 

Uses. — Used as a source of zirconia. Some varieties used as 
a gem, see page 68. 

5549. — Zircon Sand, Donnelly Biver. 



SILICA AND SILICATES. 

Silica, the oxide of the non metallic element silicon, is widely 
and abundantly distributed in the form of quartz (free silica) and 
various siliciites of the metals. It is a colourless, transparent, 
crystallised substance, which is very hard and infusible and resists 
the action of most acids. 

By far the most important artificial substance containing silica 
is glass, which is a silicate of sodium and calcium or other metallic 
base. Hydraulic cement is a silicate and aluminate of calcium. 
Carborundum, a valuable abrasive, is a carbide of silicon. 

Quartz. — Silica, SiOg, with more or less admixed oxide of 
iron, etc. Crystallised or massive, compact or granular. Coluorless, 
white or tinted ; transparent to opaque. Hard, brittle to tough. 
G., 2 6. 

Uses. — Largely used as a refractory material and in the manu- 
facture of glass and porcelain. For these purposes and for making 
carborundum it should be very pure and especially free from iron 
compounds. Less pure varieties are used as an abrasive, for making 
mortar, for filters and for a multitude of other purposes. Perfectly 
transparent, flawless crystals, or masses are used for making lenses 
and ornaments and are of considerable value. 

4000. — Qnarts Crystal, Hardy Biver. 
4300. -Pure Quarts Sand, Lake Gnangara. 
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Diatomaceous Earth (Infusorial Earth). — Hjdrous 
silica with more or less admixed organic matter, clay, etc. ConsiBts 
of the aocuiDalated remains of minute water plants. Massive, 
tough, or earthy and friable. White, ^rey, or black ; opaque. Very 
soft and porous. G., 12 in bulk and dry, 0*2'up to 0*8. Occurs 
in surface or buried beds. Often occurs in beds of lakes and 
namps. 

Uses. — When calcined artifically or by nature so as to remove 
ill organic matter and moisture, is used for a great variety of * 
parposes. It is largely employed as an abrasive, especially as a 
constituent of polishing powders and soaps, for this purpose it 
ihoold be as free as possible from admixed sand or grit. Owing to 
iti great porosity it is largely used as an absorbent, especially for 
fiitro-glycerine forming dynamite ; for disinfectants, etc. Its utility 
for these purposes depends upon its absorbent capacity, and in the 
aae of dynamite, upon the presence of many closed spaces in the 
iadividual diatom skeletons, and its practical freedom from alumina 
•n lime. Its porosity, lightness, infusibility, and low conductivity 
kir heat make it a valuable heat insulator for refrigerating chambers 
ad wagons, for safes, boiler and steam-pipe coverings, " refrigera- 
ting" paints ; and as a constituent of fire-resisting cements and 
hcks. The purest varieties are used also for making soluble glass 
ad other glasses; and as an adulterant of rubber. For most 
firposes diatomaceous earth should be as free as possible from 
ilomina, lime, iron oxide, and alkalies; and should be highly 
pronB and absorbent. 

4361. — Cmde wet Diatomaceons Earth, Lake Gnangara. 

4365. — Calcined Diatomaoeotis Earth, Lake Gnangara. 

4iflO Tmdn Diatomaceous Earth, Little Badgerap Lake. 

floss. — Cmde Diatomaoeoiua Earth, Cooma, N.8.W. 

Asbestos. — This is a name applied both in commerce and 
aaence to several silicates characterised by a finely fibrous structure. 
1%e chief varieties are Amianthus, Chiysotile, Picrolite, and Acti- 
lolite. 

Amianthus.^'ELjdTOiiB silicate of magnesia. In long, fine, silky 
Bires, very flexible and tough. Wliite or pale green, opaque. 
Oeeurs in veins and pockets in serpentine. 

Uses. — This is the most valuable variety of asbestos owing to 
^ length, evenness, flexibility and toughness of the fibres, the ease 
»ith which they can be separated from one another, and their great 
resistance to heat and poor conductivity. It is woven into packing 
for pistons, valves, and other parts of engines; into rope for 
nupending crucibles, etc., in contact with fire, and for use in 
theatres and acid works; into cloth for theatre screens, colliery 
doors, etc. The scrap is used for the same purpose as chrysotile 
Mid picrolite. 

GhrysotUe, — Hydrous silicate of magnesia. In short (J inch 
to 4 inch) soft fibres, very flexible and tough. Pale green, opaque. 
C^ocurs in veins in serpentine. 
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Uses. — This forms the great bulk of the world's asbestos. It 
is woven into varu and cloth for packings, etc. Also made into felt 
for fireproof screens, etc. Used also for covering st^ampipes, etc., 
for lining for safes and many other purposes. Less valuable than 
Amianthus. 

1010.— Asbestos, var. Chrysotile, neax Tambourah. 

18S31. — Asbestos, var. Chrysotile, Metford, Canada. 

Picrolite. — Hydrous silicate of magnesia. In short or long 
irregular fibres, very soft and brittle and of low tensile strength. 
Pale green, opaque. Occurs in veins in serpentine. 

Uses. — This is one of the commonest but least valuable varieties 
of asbestos. It cannot be woven but is used as a base for heat- 
proof paints and cements, boiler coverings, etc. 

5617. — Asbestos, var. Picrolite, Pickering Brook. 

Actinolite. — Silicate of calcium, magnesium, and iron. In 

short or long irregular fibres, hard, brittle, and very difficult to 

separate. White or pale green, opaque. Occurs in veins and 
nests in basic igneous rocks. 

Uses. — Of little value but can be used for same purposes as 
Picrolite. 

1096. — Asbestos, var. Actinolite, Ballagundi. 

The market value of asbestos depends upon the length, strength, 
evenness, infusibility, and flexibility of the fibres, and the ease 
with which they can be separated from one another, and ' also 
upon its freedom from admixed rock, iron oxide, etc. Fresh uses 
are continuously being found for asbestos, but so far the supply has 
been so well kept up that the price of the mineral' has decreased 
considerably within recent years. Before marketing, ' asbestng is 
graded according to length into long, over Jinch; medium, \ to 
|inch ; short, under ^inch. 

Mica. — Like asbestos, this name is applied both commercially 
and scientifically to several distinct silicate minerals, all of which 
are characterised by a very perfect cleavage which euables them to 
be split into thin elastic plates. The most important species are 
Muscovite, Phlogopite, Biotite, and Lepidolite. 

Muscovite, "Qomxxion or white mica. Silicate of aluminium, 
potassium, and hydrogen. Crystallised or foliated massive. 
Colourless or tinted ; transparent. Soft. G^ 2"8. Laminse flexible, 
elastic, tough, and very infusible. Occurs in pockets ur veins in 
granite or gneiss, especially in pegmatite veins. 

Uses.— This is the most useful variety of mica. In sheets at 
least 2 inches z 1^ inch, is used for windows of stoves and furnaces, 
for funnels for Lamps and gaslights, for skyli>chts and compass- 
covers. Large quantities of sheet mica are used for electrical 
insulations. The scrap mica left after trimming the mineral into 
sheets is used for a variety of purposes. It is cemented into sheets 
and used for electrical insulation, under the name of " micanite." 
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When ground, it is used as' a lubrioant, as a constituent |of some 
brands of dynamite, of Yarioas piston packings, fii'e-resisting paints, 
and insulating compounds, in the manufacture of lustrous hair 
powder, and mixed with plaster of Paris for moulds for castings. 
It is also used to a certain extent in decorative, work, both in sheets 
lad powder. An excellent non-conducting sovering, which is both 
lexible and fireproof, is formed by a quilting finely powdered scrap 
^tween galvanised wire netting. 

5188- — Mica, Tar. Muscovite, Macdonnell Range, S.A. 

PJUogopite. — Amber mica. Fluo-silicate of aluminium, mag- 
oesium, and potassium. Crystallised of foliated massive. Usually 
tmber, sometimes colourless or tinted variously; transparent to 
tnnslaoent. Soft. G., 2*8. Laminse flexible, elastic, tough, and 
iofodble. Occurs in veins or pockets in serpentine, crystalline 
limestone, or dolomite. 

Uses. — See Muscovite. 

Biotite. — Black mica. Silicate of aluminium, magnesium, iron 
ad potassium. Crystallised or laminated massive. Black, green, 
?iow, or brown ; transparent to opaque. Soft. G., 28. Laminae 
bible, elastic, tough, and infusible. Occurs in veins and pockets 
ia^raDite and other crystalline rocks. 

Uses. — Owing to low electric resistance, is not of much value 
fe insulating purposes. Used for most other purposes described 
sfider Muscovite. 

Lepidolite. — Lithia mica. Fluo-silicate of aluminium, potas- 
■nm and lithium. See page 37. 

Uses. — Owing to easy fusibility, cannot be used for any of the 
purposes to which other micas are put, except the ornamental 
purposes. Chiefly used as a source of lithium salts. 

568. — Mica, var. Lepidolite, Londonderry. 

TTI- — Mica, var. Lepidolite, trimmed for market, Londonderry. 

Mica is marketed in two forms, viz., "sheet," coiisisting of 

% rectangular blocks of certain standard sizes, varying from 

finches by 1| inches up to 8 inches by 10 inches or more; and 

"■Q&p," the small pieces left after punching out the sheets from 

fc crude mineral. The latter is of very little value, something like 

(<^ to 2d. a pound. The value of sheet mica depends upon the 

^of the sheet (varying from 3s. per lb. to je2 lOs. per lb.), the 

^ae with which it can be split up, its softness, flexibility, and 

^^om from wrinkles and blemishes. When used as a substitute 

for glass its transparency and colour are important points. For 

electrical purposes its resistance to heat and electricity are of 

onportance. 

Talc (Steatite, Soapstone). — Hydrous silicate of magne- 
sram. Rarely in tabular crystals, usually massive, foliated, granular, 
<^pact, or fibrous. White or green ; translucent. Very soft, sec- 
^^- Qt., 2*7. Occurs as rock masses and in veins and beds. 



66 

Uaee. — When powdered, k lajrgeLy used as a filling for pape^ ; 
for thiB pmrpoBe the fibrous form is the best. Also for fire-proof 
paints, electric iusuLutora, steam- pipe and boiler coverings, foundry 
facings, toilet powders, lubricants, and as a base for dynamite and 
cheap soap. Compact taJc is cut into pencils, fire-bricks, hearth- 
stones, footwarmers, etc. 

4S9i* — Fibrous and massive talc. Broad Arrow. 

Feldspar. — This name is applied to a group of mioerals 
closely related to one another in o(;currence, properties, and com- 
positioD ; being siiicat-es of aluminium with potassium, sodium, or 
calcium. The chief varieties from a commercial point of view are 
orthoclase and albite. 

Orthocldse, — Silicate of aluminium and potassium. Crystallised 
with a perfect cleavage or massive. Colourless, white, or tinted ; 
transparent to opaque. Hard; brittle. Occurs in workable deposits 
chiefly iu pegmatite veios. 

Uses. — Chiefly used as a constituent of china, porcelain, tiles, 
and certain varieties of glass. Also used as an abrasive especially 
in poUshing-soaps. Small quantities used in dentistry. Has been 
proposed to utilise it as a source of potash salts. 
378. — Feldspar, var. Orthoclase, Londonderry. 
24.— Feldspar, var. Orthoclase, Northampton. 

Alhiie. — Silicate of aluminium and sodium. Crystallised with 
perfect cleavage, massive granular or lamellar. White or tinted ; 
transparent to opaque. Hard; brittle. Occurs in workable 
deposits chiefly in pegmatite veins. 

Uses. — See Orthoclase. 

50681 — Feldspar, var. Albite, Bavensthorpe. 

5887. — Feldspar, var. Albite, with tin ore, Moolyella. 

Other varieties of feldspar could be utilised for a similar 
purpose were workable deposits of them available. For market the 
ore must be carefully hand-picked to remove all associated minerals 
especially those containing iron. Feldspar containing more than a 
trace of iron is not suited for making ix)rcelain or glass. A small 
unavoidable admixture of clean, colourless quartz is no great 
drawback to the mineral. 

Garnet. — This group of minerals is characterised by a 
similarity of crystalline form, chemical composition, and occurrence. 
The commonest species are almandite and andradite. 

Almandite. — Silicate of ferrous iron and aluminium. Crystal- 
lised, massive, granular, or compact. Red or black ; transparent to 
opaque. Hard, brittle, or tough. G., 4*0. Occurs in granite or 
other rocks, or in beach or river sands. 

Uses. — Used largely as an abrasive. Fine clear specimens 
make gems. See page 69. 

4797. — Garnet in granite. Upper Bowes River. 

5316^ — Garnet, near Marble Bar. 

icKL — Garnet sand, mouth of Bowes River. 
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Andradiie.—Silic&te of calcium and ferric iron. Crystallised, 
mMsive, granular, or compact. Black, jirreen, vellow, brown; 
tiansparent to opaque. Hard, brittle, or tough. G., 3-9. 
Oocurrence and uses same as for almandite. 

The value of garnet as an abrasive depends upon its hardness 
and toughness, and its freedom from mechanicallj admixed im- 
purities. Other varieties of garnet, if found in workable quantities, 
oald be used for the same purpose as almandite and andntdite. 

GEMS ANE) ORNAMENTAL STONES. 
Gems, which include the most valuable of all minerals, may be 
d(*fitied as those varieties of mineral species which possess such 
itriking and permanent beauty as to tnake them desirable articles 
of personal adornment. The value of gems depends upon their 
freeidom from flaws or blemishes, the shade of colour they possess, 
ud the permanency of that colour when exposed for long periods 
to light and air; their degree of transparency (except in the case of 
perfectly opaque gems such as turquoise) ; their hardness, and finally 
their raritv. The following is the approximate order of value of 
precious stones: — Pearl, Euby, Diamond, Emerald, Sapphire, 
Oriental Cat's Eye, Opal, Turquoise, Alexandrite.* Otlier ornamental 
lUaes, i^ucli as Tourmaline and Jade, are classified as '*semi- 
pieeious," owing to their inferior rarity and value. In the following 
jttges the order followed under the headings of " Precious Stones " 
and " Semi-precious Stones " has been determined by the chemical 
ttd mineral nature of the gems. In each case the general descrip- 
tinn given is that of the most valued type, and is in more detail than 
tiiose (»f lees valuable minerals given in this brochure. • 

Pbecious Stones. 
Diamond. — Pure carbon, C. Crystallised in octabedra and 
other forms of the isometric system ; also in water worn pebbles. 
Transparent. Most valuable are colourless, red, or blue; of less 
mlue those that are yellow, green, or brown. Hardness, 10 ; G., 8*5. 
OocQrs in basic igneous rocks and in alluvial deposits. At the 
pnaent day South Africa supplies the greatest part of the total 
^nd for this gem. Small diamonds have been found in con- 
SWerate at Nullagine, in this State. 

Ruby. — Variety of Corundum. Oxide of aluminium, A1,0,. 
^Tstallised in hexag(mal pyramids, /more or less modified ; also in 
nter-wom pebbles. Transparent. Pigeon- blood red ; less valued 
^ems are of other shades of red. H., 9. ; G., 40. Occurs in Crystal- 
line limestone and in alluvial deposits. Chiefly derived from Burmah. 

Sapphire. — Variety of Corundum. Oxide of aluminium, 
Al^O,. Form and other characters, except colour, as for Ruby. 
Colour, corn-flower blue or rarely rich green ; other shades of blue 
are less admired. Occurs in crystalline limestone, basic igneous 
rocks, and mica-schist, also in alluvial deposits. The chief sources 
of sapphires are Siam, Burmah, Cashmere, and Ceylon. 
Sapphires and other gem stones, Inverell, N.S.W. 

* S. W. Streeter, Precious Stones sad Gems. 
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Emerald. — Variety of Beryl. Silicate of beryllium and 
aluminium, SBeCAljOj-GSiOj. Crystallised in hexagonal prisms. 
Transparent ; rich green in colour. H., 7"5. G., 27. The chief 
source of the emerald is Colombia, where it occurs in pockets in a 
limestone. Elsewhere they are found in mica-schist, talc-schist, and 
topaz rock. 

Oriental Cat's-eye.— Variety of Ohrysoberyl. Oxide of 
beryllium and aluminium, BeOAl^O^. Crystallised in complex 
forms of the orthorhombic system; more usually in water worn 
pebbles. Translucent; colour, from pale yellow to dark brown, and 
pale green to deep olive. Chatoyant ; characterised by a movable 
internal opalescent band of white or rarely yellow light. H., 8"6- 
G., 3*8. Chief source is Ceylon, where it is found in river gravels. 

Alexandrite.— Variety of Chrysoberyl. Oxide of beryllium 
and aluminium, BeO.ALO^. Crystallised usually in twins of the 
orthorhombic system ; also in rolled pebbles. Transparent. Colour, 
emerald green, changing in artificial light to raspberry red. Very 
rarely chatoyant. H., 8'6. G., 3*7. Occurs in mica-schist in the 
Ural mountains ; and in river gravels in Ceylon. 

Opal. — Precious opal is a variety of common Opal. Sydrated 
silica, 53103. 2H2O. No crystalline form; occurs massive, fillings 
small veins and hollows in the parent rock. Translucent. Colour, 
milky white, exhibiting a magnificent play of prismatic colours on 
turning through a small angle. Kich red tints are most highly- 
prized. Some opals lose their colour after exposure for some Httle 
time, and are therefore of very little value. H., 5*6 to 6. G., 21. 
The best opals come from Queensland and New South Wales where 
they occur filling small veins in sandstone and trachyte and steaiu 
holes in the latter. Found also under similar conditions in Hungary 
and America. 

4886. — Opal, Eromanga, Qld. 

Turquoise. — Hydrated phosphate of aluminium, copper, and 
iron ; formula uncertain. No crystalline form ; occurs massive in 
veins or nodules. Opaque. Colour, sky-blue, greenish blue, or 
green, the first-named being the most valued. Many turquoises 
fade so easily as to be practically valueless. H , 6. G., 27. 
Chiefly obtained from Persia, where it occurs in veins and nodulea 
in trachyte and slate. Occurs ^largely in the United States and 
elsewhere in porphyry, trachyte, slate, and sandstone. 



Semi-pbecious Stones. 

Zircon or Hyacinth, — Silicate of zirconium, ZrOj-SiO,. 
Crystallised in combinations of pyramid and prism of the tetragon 
system ; also in water- worn pebbles. Transparent ; crimson, 
yellowish-red, amber yellow. H., 7 5. G., 44 to 4-8. Ceylon and 
New South Wales yield the best hyacinths. They occur in river 
gravels or in situ in syenite, granite, and other crystalline rocks. 



Peridot (Precious Olivine), — A variety of Chrysolite. 
Silicate of iron and magnesium, 2(MgFe)0.Sid,. OccasionaUj 
OTstallised in combinations of orthorbombic prism and pyramid ; 
nniall? in water- worn pebbles. Transparent; yellowish- green in 
colour, the deeper the tint the more yaluable the stone. H., 6-6. 
ft., 3'4. Occurs chiefly in river gravels in the Levant, Brazil, and 
elsewhere. 

Tourmaline. — ^Transparent variety of ordinary tourmaline. 
Cbmposition veiy complex; a silicate of aluminium, boron, iron, etc. 
Crystallised in combinations of prism and pyramid of hexagonal 
iTstem; also in water- worn pebbles. Transparent; colour red, 
jsnk (Bubellite), green of vanous shades, blue (Indicolite), yellow. 
H., 7*5. G., 31. Occurs chiefly in granitic rocks carrying lithia 
fflica; also in river gravels. Obtained from Siberia. Brazil, United 
States, Oeylon, Kangaroo Island, etc. Imperfect specimens have 
been received from Eavensthorpe in this State. 
S2S3. — Bubellite, Bavensthorpe. 

Topaz. — Precious variety of ordinary Topaz. Fluosilicate of 
afeminium, Al,0,(O.F2).SiO,. Crystallised in combinations of 
ffthorhombic prism and pyramid, with perfect basal cleavage ; also 
iivuter-wom pebbles. Transparent, usually wine-yellow, but also 
^t and dark red, pale blue, pale violet, or colourless, H., 8. G., 3-5. 
Oenirs usually in gneiss, granite, or pegmatite, and in river gravels. 
<^ topaz comes from Brazil, Siberia, United States, etc. Pale 
Ike topaz has been collected at Londonderry in this State. 
4460. — Blue Topaz, Londonderry. 

Aquamarine and Beryl are transparent varieties of com- 
mon Beryl, the former of a pale green or pale blue colour, the latter 
jellow. Except in colour they are identical with Emerald, q.v. 

Garnet. — Gem varieties of several mineral npecies belonging 
to the Garnet Group. Three species are used as fi;ema :^ Alman- 
^ (Carbuncle), Silicate of aluminium, and ferrous iron, 
^i.3FeO-3SiO,. Claret coloured and most valuable of garnets. 
^V^f silicate of aluminium, magnesium, and iron; AljjOg.S 
%Pe)0.3SiOj. Blood red. Essanite (sometimea called Hyacinth), 
SSate of aluminium and calcium. AljOg.SCaO.SSiOo. Yellow, 
<«*fige, or brown. 

Qamets are found crystallised in forms of the isometric 
Ostein, the commonest form being the dodecahedron; also in 
•ater-wom pebbles. Transparent or semi-transparent ; colours as 
*bo?e. H., 7 to 8. G., 35 to 41. Occurs usually in granite, 
gneiss, mica schist, or chlorite schist, or in river gravels. Very 
^dely distributed. Fine coloured garnets have been received from 
Dear TJaroo in this State. 

Spodumene. — Traasparent variety of ordinary spodumene. 
Silicate of aluminium and lithium AljOa.LijO.^SiOj. Crystallised 
b combinations of prism and pyramid of monoclinic system, with 
strong prismatic cleavage. Transparent. Colour greenish yellow. 
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rich green (HiddenUe), amethyst {Kunzite). H., 7. G., 3*1. 
Occurs usually in granite, pegmatite, or gneisb. Chief sources a.re 
Brazil and North Carolina. 

Jade (Greenstone). — Partly a variety of Jadeite, which is a 
silicate of aluminium, sodium, and calcium, Al203.(Na2Ca)0.4SiOs. 
Partly a variety of Actinolite, a silicate of calcium, magnesium, 
and iron, Ca0.3(MgPe)0.4SiO,. Occurs massive with internal 
crystaJliDe structure. Translucent ; dark or light green, yellowish 
green. H., 6 to 7. Q., 30. to 3 3. Occurs usually in rounded 
masses in river beds, or in weathered serpentine rock masses. 
Chief sources, China, Burmah. New Zealand, Central America. 

Crocldolite. — A mixture of anhydrous and hydrous silica 
with more or less silicate of iron, resulting from the partial or 
complete alteration of true Crocidolite, which is a silicate of iron 
aud sodium. Compact massive with greater or less fibrous struc- 
ture. Translucent to opaque, chatoyant. Colours, indigo with 
light blue ray {Hawk* 8 Eye) ; brown with yellow ray {Tiger* » Eye) ; 
yellow with pale yellow ray ; pale green with white ray. H., 6 to 7. 
G., 2' 7 to 3*1. Occurs in veins in igneous rocks in Griqualand and 
elsewhere in South Africa. Excellent specimens have been received 
from Yarra Yarra Creek, Murchison District, in tiiis Static. 

5063/1— Croddolite (Tiger's Eye, etc.), Tarra Yarra Greek. 

Chalcedony,— Massive cryptocrystalline variety of quartz, 
SiOj. Appearance subject to wide variation from the presence of 
small proportions of impurities. The chief ornamental varieties 
are : Camelian, translucent of various shades of red, often striated. 
Agate, translucent and variegated, various shades of yellow, red, 
brown, purple, etc. Onyx, translucent, in plain parallel bands of 
white and black, or brown. Heliotrope or Bloodstone, translucent, 
green with blood red spots. Jasper, opaque, in bands of bright 
red, yellow, brown, white, and black. The hardness of the various 
varieties of chalcedony is 7, specific gravity 2'6. Chalcedony 
occurs in nodules in ancient lavas, in veins in various rocks, and in 
pebbles in streams, etc. 

9Q06.— Jasper, Marble Bar, Ooongan River. 

Moonstone. — Variety of Orthoclase. Silicate of aluminium 
and potassium, AljOj.KaO.^SiOj. Crystallised in monoclinic 
prisms ; usually in water worn pebbles. Semi-transparent, opales- 
cent. Colourless or faintly blue. H., 6. Q-., 2*6. Usually found 
in pebbles in streams in granite country, especially in Ceylon. 
Some good moonstones have been found at the mouth of the Bowes 
River, in this State. 

4792.— Moonstone, mouth of Bowes Biver. 

Sunstone or Aventurine. — Variety of Oligoclase. Silicate 
of aluminium, sodium, and calcium, 2AljO,.NajO.Ca0.8SiOj. 
Crystallised in forms of the tryclinic system. Translucent, brown 
with golden spangles. H., 6. G., 27. Oc^'urs in igneous rocks, 
especially in Norway. 

Aventurine, Tvedestrand, Norway. 
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MINERAL WATERS. 

Mineral waters may be described as those nataral spring waters 
vhich contain in solution either constituents rarely found in surface 
nters, or else exceptionally lar^ proportions of mineral matter of 
m kind. They are of value either for medicinal purposes or else, 
living to their pleasing taste, for table use. 

Medicinal waters are chiefly characterised by the presence of 
sagnesium salts, iron salts (Chalybeate waters), lithium salts, 
aphides, or sulphates of soda and potash. Of these probably 
tfcose containing lithium or iron would be found the most valuable 
wnmercially. Magnesian waters are common everywhere especially 
■ the interior of Western Australia. They are unmarketable except 
tben they bear the name of some well known European spring such 
H Friedrichsball, Kissingen, etc. 

Table waters of good quality are in considerable demand. They 
ikanld be sparkling and of good flavour and should therefore contain 
fee carbonic acid and alkaline carbonates, with comparatively little 
ialt,ma^ne8ium compounds, or alkaline sulphates. It is essential that 
% be quite free from sulphuretted hydrogen or sulphides, whilst 
^ presence of some lithium is a decided advantage. The following 
^le ^ves the composition of the only Australian mineral waters at 
fsent utilised, and will serve to show what composition is desirable 
tta water for the Australian market : — 
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Zet. Spm 
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Ballimore, 
N.8,W. 
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^1?S^-*' 
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Tbble. 
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.^ 










jJjBrium chloride ... 
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Jj^ chloride 
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■072 
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... 


... 
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*^ bicarbonate ... 
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•647 




"etiigium bicarbonate 
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•245 
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•0007 


nU 
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•0887 
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^Jtiam bicarbonate ... 
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... 


trace 


strong tr. 
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•0100 
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Saica 
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•008 


... 


ihuaina 


... 
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trace 


... 
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abundant 


abundant 


abundant 


present 


-— 
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PREFATORY NOTE. 



rI8 report makes a farther instahnent to the descriptions of 
those mining centres of the Pilbara Goldfield referred to 
is BoUetin No. 15. 

This report includes full details with reference to the 
NnllagiTie, Warrawoona, and Marble Bar fields, and is accompanied 
br geological and mining maps, without which the descriptive 
portions would be well-nigh unintelligible. 

As in the previous season's field work, I was associated 
tboughout with Mr. H. W. B. Talbot, Field Assistant, who 
KDdered important assistance in the preparation of the various, 
feaps and plans. 

The Index to names, places, reefs, etc., occurring in the 
icport has been prepared by Mr. P. J. Atkins, Clerk of the 
fleokgical Survey. 

A. GIBB MAlTIiAND, 

€k>vemment Qeologist. 
Oeological Survey Office, . 

Perth, Ist June, 1906. 
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ON 

Ite Geolo^cal Features and Mineral Resources 

OF THS 

PJLBARA GOLDFIELD. 



PA&T Z. 



Descriptive Geology. 

ArriTin^ at Port Hedland on the 80th of June in order to con- 
tbne the examination of the different mining centres left untouched 
during the previous season, I travelled bj coach as far as Marble 
Bar, and jomed the camp, which was in charge of Mr. Talbot, on 
tlie 5th of July. 

Leaving the camp at Duffer's Creek, we travelled northwards as 
itf as the junction of Taiga Creek and the Taiga Eiver. From the 
amp a conspicuous hill was observed 420 feet by aneroid in height and 
Wing 56 degrees from it. This hill forms the summit of a very long 
aoge extending northwards from the Taiga Taiga workings ; it is 
composed of transmuted basic igneous rooks, intersected by lami- 
ttted quartz veins. These foliated rocks dip westward at angles of 
h)m 40 to 60 d^rees ; associated with tiiem are some green rocks, 
which weather very much like limestones ; the^ are, however, 
ifotical with those basic igneous rocks, the original minerals of 
viuch are replaced by carbonates, so common in many parts of the 
fctrict. 

From this camp we travelled to a gorge known as Kitty's Gap, 
oeavat^ in that laminated jaspideous quartzite, which extends 
^ Dooiena Gap to Bamboo. From camp to the gap, the whole 
ftnmtry traversed is greenstone and its derivatives, except for about 
* mile of granite, which in all probability is an off-shoot from the 
Uoolyella mass. 

After getting clear of the Gap, the northern face of the range 
vu skirted as far as Coppin'a Gap. The country at the foot of 
the northern face of the range exposes a gneissic granite, the strike 
of the foliation of which is parallel to that of the laminated quartzite 
which makes up the range.* 
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From Coppin's Gap we travelled northwards towards tlie 
point of a conspicuous ranfj^e of hills which lay between us and. 
Bamboo Greek. The higrhest summit of the bill rfses toa consider- 
able height above the plains, which are everywhere underlaid by 
granitic gneiss and allied rocks. The rocks forming the hills cousist 
of volcanic agglomerate dipping at angles of about 20 to 80 degrees 
to the east, and passing beneath the sedimentary bedaof what there 
are good reasons for believing to be the equi^^alents of the Nullagine 
Series. Associated with these agglomerates are greenish grey beds 
of either lava or ash. Travelling across to Bamboo Creek, strata, 
on a somewhat higher horizon are traversed ; they consist of coarse 
conglomerates, and fine-grained sandstones, some beds of the latter 
of which have been quarried to a limited extent. Some of these 
<ionglomerates and grits are traversed by vertical quartz veins, some 
of which are of considerable horizontal extent. The general strike 
of these " buck-looking " quartz veins is 16 degrees. Prom our 
camp at a fine pool of water near a boundary fence (? Coppin*s) to 
the now all but deserted township of Bamboo, the road follows 
the edge of the top of volcanic beds of the Nullagine Series. 

The country in the more immediate vicinity of this centre 
having been pvevioiisly fully described* need not be repeated. 

From Bamboo to the foot of Mount Edgar, via Jones' Well, 
the country is made up of granite of the Moolyella type, intersected 
by dykes of felsite and diabase in addition to quartz veins. 

Mount Edgar, one of the most prominent landmarks in the 
vicinity, rises to a height of about 300 feet above the base, and 
consists of a bltrish gtef basic rock [07tt] in the totta of a dfyke. 
In the vicinity of Mount Edgar, the staple formation of the district 
(granite) is traversed by two sets of felsite dykes, one set with a 
general strike of north *dO degrees east, and the other north 30 
degrees west. Both of these sets of dykes are traversed almost at 
light angles by quartz reefs, in this respect they are somewhat 
analogous io the system of quartz reefs and dykes ot tfie Chafters 
Towers Goldfleld in Queensland, with which I am familiar. 

From Mount Edgar, we steered aciroas country for Wanrt^ 
woona, crossing en route a very conspicuous greenstone dyke, at the 
foot of the northern side of which the Taiga River flows. 

This dyke, which has a general bearing, of 334 degiees aad 16^ 
degrees, rises to a considerable altitude above the plainy aind f om» 
a y&rj oosi^^uous feature in the laadscajpe. So far as ea» be seea^ 
the dyke is vertical and attains a thiokneas o€ about 20 feet ; it 
traverses granite country. Several other parallel dykes of a sorne^ 
what similar nature can be seen in the vicinity. 

Between this pei ffc and Warvawoona^ two other jMoralM dylKV 
are cfoated. The graavte coustry e«d» about a mile or so Berai* ei 
Wwrrawootai^. mnA gives plaee to those beds, a detailed deMtiptloif 
of which is given on a later page. 

' • Btdlsttii Hob 15, i»p. Mb 51-ei. 



3 

The mapping aod examinatioii of Warrawoooa, having been 
mpleted, we gtruck camp and traTelled in the direction of Yandi* 
fiMgina M far as Qum Well. The country between the (».mp and 
i^ well is undeiiaid bj granite, which has a rude foliation, the 
feoecal strike of which is paraUel to that of the schists, which 
fonos the high ground of the range, near the foot of which the 
lain road traverses. At a point about two miles west of the well, 
a ^ry prominent diabase dvke is crossed, in addition to two others 
ftf much smaller dimensions ; the larger dyke in all probability 
iffmesents the extension of the one crossed between Mount Ed^r 
aH Warrawoona. The large dyke near Q-um Well makes a very 
eminent feature in the landscape, and can be followed by the eye 
toon country for a considerable distance. A traverse on foot was 
Side from Gum Well to the ran^e, and at one spot the large 
cGUse-grained diabase dyke was shifted for a horizontal distance of 
120 feet west by a fault bearing 112 degrees- This fault is now 
•occupied by a quartz reef. A parallel diabase dyke of smaller 
^nsions has also been subject to the same amount of western 
displacement. 

Prona Gum WeD, a conspicuous Gap in the main range can be 
obgerved. ' The position of the Grap is fixed by the following 
bearings : — Gum Well, 31 degrees 80 ; Mount E<^ar 41 degrees ; 
Trig. Station G. 23, 276 degrees; and Horrigan*s Peak, 302 degrees. 

The Gkkp has been carved out of a bold quartz reef, which 
measures from 30 to 40 feet in width, and is of very considerable 
V>riiontal extent ; for it has a length of about four or five miles in 
a direction of 118 degrees, and about a mile in the direction of 298 
^eipees. The quartz reef is evidently along a line of fault (?) 
vMch separates the granitic rocks from the Warrawoona Beds, 
»hich latter at this point occupy a width of about two miles. The 
Wge greenstone dyke previously alluded to abuts abruptly against 
4e quartz reef of the Gap, but does not cross it. The Trig. Station 
6. 23 is formed of another large quartz reef, identical with that 
Arming the Gap, and equally wide and persistent longitudinally. 
Jhtb form remarkably pronounced features in the lands^pe. 

The country between Gum Well and Taudicoogina is of granite 
iBterBected with numerous greenstone dykes. 

Prom Tandiooogina, exigencies of travel rendered it necessary to 
tovel as far as the DeGrey (Nullagine) River via the main Elsie 
Boftd.* We camped on a creek, at an altitude of about 200 feet 
atere Taudicoogina, which flowed in a general direction of north 
70 degrees east. Advantage was takeu of the short speU of day- 
%ht after arriving to examme the country in the vicinity. About 
three miles north 70 degrees east from camp was a conspicuous 
^^carpment, the summit of which seemed to afford a good oppor- 
tom^ of examining the surrounding country, and a traverse was 
"»de in that direction. 

• BuUetm No. U, p. 87. 
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On the eastern bank of the creek, upon which the camp was 
pitched, is a good exposure of sandstones and shales (Nullagine 
Series) dipping at 20 degrees in a direction north 30 dejprrees east 
and traversed by several small faults. Sandy beds cover the surface 
of the country as far as th^ foot of the escarpment. 

The bed forming the summit of the hill is a thin bed of 
quartzose conglomerate, containing pebbles and fragments of those 
laminated quartz veins so conspicuous in other portions of the 
district. The general dip of these sedimentary rocks which must, 
as seen from the hilltop, occupy a large area of country, is in the 
direction 228 degrees at angles varying from 8 to 10 degrees. 

Having reached the De Q-rey (Nullagine) Eiver, it was followed 
to the junction of Cook's Creek. At a point about six or seven miles 
in the river above the crossing of the Elsie Road, granite emerges 
from beneath the sedimentary rocks and occupies the country for 
some considerable distance. The granite is traversed by numerous 
quartz veins which have a general bearing of about 174 degrees. 

Cook's Creek was followed up to the point at which it is joined 
by Mosquito Creek, passing the Black Eange of the maps en route. 
The Black Range is a long razor-backed ridge of laminated quartz 
of the usual type. Having camped on Mosquitx) Creek some miles 
below the township, a visit was paid to the Pamell Mine.* The 
country between the camp and the township of Mosquito showed 
the staple formation to consist of highly -inclined grits, sandstones, 
and shales (or slates), with numerous quartz veins along the 
bedding planes (Mosquito Creek Beds). 

In the vicinity of the lower (Mosquito Creek) well, two con- 
spicuous rugged hills of granite (?) rise from amongst the sedi- 
mentary beds. From a distance these hills bear a remarkable 
resemblance to the granite hills of Mosquito township,t although 
the area these rocks occupy is not nearly so great as at the township. 

From the camp at Mosquito Creek we travelled along the old 
40-Mile Road to the crossing of Sandy Creek, which was followed 
down to its junction with the Nullagine River. The whole section 
down to the Nullagine River showed the staple formation to be of 
grits, shales, and conglomerates (Mosquito Creek Series) inclined 
at high angles. Where Middle Creek joins Sandy Creek is a vertical 
bed of fine-grained conglomerate. 

The Nullagine (De Grey) River was followed up to the town- 
ship of Nullagine, and the staple formation consisted of highly- 
inclined sedimentary rocks of the Mosquito Creek Series. On the 
western bank of the Nullagine River, at the junction of Taylor's 
Creek, is a large dyke of gabbro, striking about 280 degrees. The 
dyke, which in all probability has some intimate connection with 
that which makes such a prominent feature in the geology of the 
township of Nullagine, is about half-a-mile in width at this point. 

• BuUetin No. 15, p. 80. t Loc. oit., p. 78. 
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Having completed the mapping of Nullagine, a full description 
of which is given on a later page, we followed the main road to 
Marble Bar/passing the almost deserted mining centre of Wyman's 
Well en route. The country round Wyman's Well, originally known 
u Salgash, is identical in its geological features with Warrawoona, 
of which it merely forms the westward extension. 

A twelve-acre lease, the Phoenix G.M.L. 624, owned by Messrs. 
Anderson and party, and a three-men's quartz claim owned by 
Messrs. Swanson and Morris Bros., represent the mining activity 
prevailing. 

Marble Bar was reached on the 29th of September. 
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PAST II. 

Descriptions of Individual IMining Centres. 

A. -NULLAGINE. 

{With a OeologieaZ Sh^eh Map and Sectiofi, and a Plan of the NnlUigine 
Conglomwate$ Oold Mines,) 

The mining centre of NuUagine is situated 55 miles to the 
north-north-west of Marble Bar, upon the Nullagine Eiver, about 
90 miles above its junction with the Oakover ; its relative position 
is shown on the Locality Map of the Pilbara Goldfield, which forms 
the frontispiece to this report. 

Interest attaches to this district on account of the occurrence of 
gold in certain sedimentary rocks, which bear a close resembiailce 
to the auriferous conglomerates of the Rand (South Africa), better 
known as the Banket deposits. These (Nullagine) auriferous con- 
glomerates, which seem to form lenticular masses, occur in the basal 
members of the Nullagine Series* as developed in the ranges to 
the north-west of the township. 

It being an important problem in economic geologj to ascertain 
the extent, etc., of these auriferous conglomerates, as well as the 
quartz reefs in the underlying series of beds, a belt of country 
embracing what is, as at present understood, the productive area 
was mapped upon the scale of 20 chains per inch. The ground 
covered by this work comprises a belt of country about four miles 
in length and breadth, which is depicted upon the G-eological Sketch 
Map (Plate I.). 

As by far the larger portion of this area was pra.ctically a 
blank upon any of the existing maps, operations had to be com- 
menced by preparing a plan of the vicinity of the mines. This 
work was accomplished by the aid of a plane table and tape measure ; 
it would, however, have been a decided advantage had time permitted 
of a contour map of the district being prepared. The local 
representatives of the British Exploration Company, the principal 
lease owners in the vicinity, courteously placed at my disposal their 
topographical plan of the Conglomerate Mines ; a reduced copy of 
this, embodying some geological additions by myself, forms Plate II. 

A comparison between this map and the 40 chain lithograph, 
L 76, issued by the Department of Mines, discloses the fact that 
considerable violence had to be done to the position of the 

* Preliminary Beport on the Oeolo^cal Features aad Mineral Beeonxoes of th4 
l>ilbara Gk>ldBeld, by A. Uibb Maitland. Geol. Surr. BnU. 15. Perth: By 
Authority : 1904, p. 10. 
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SS^^^.^^t'"-., ^ lithograph, L 76. it wUl be noticed that 
tame are two Nullaeme Rivers, the most nortberly approximately 
paraJId to the Marble Bar Tel^raph Line, and the otYer skirting 
jne nortbem boundary of the extinct leases 57l and 68l. The 
true course of the river is that shown on the Geological m^. 

It is essential, in the public interest, that at any rate the 
pmapal water-courses in mining districts especially, should be 
ntversed and their position laid down on the published maps with 
ma a degree of accuracy as the scale employed will admit 
acheometnc methods a£Eord a reliable, cheap, and accurate method 
« this class of work being carried out expeditiously. A great deal 
wnme and labour is involved in preparing topographical maps, 
&*^ ^v**® *T *** ^^ different fomatiois. the geologist 
BwmdariM, the trend of the outcrops of the different ore deposits, 
ZL ? ju ^ delineated, which could be much more profitably 
ttpended by a geologist in other directions. 

In both its physical and geological aspects, the district faUs 
ffl^raUy into two distinct portions, which lie respectively to the 
iMsth-west and south-east of the Nullagine Eiver. 

The north-western portion is that occupied by the sand- 
T^' li^- ' ^poglomerates, and interbedded volcanic rocks of 
tbeNniiagme Series. This series, which presents a plateau-like 
^ppewunce, eriubits a bold escarpment when viewed from the 
«ouUi-«i8t. and certam of the harder beds stand out in bold relief, 
pwenting mural faces at different leveU. The tableland has been 
C'°n "*. <l^P,<»nen.like gorges and ravines, of which 
Beaton 8 Cr^k, and the One Mile Creek, are typical examples, 
tte course of many of these creeks, and their tributaries appears to 
»we been m the main determined by the trend of the system of 
^r jomta. by which the Nullagine Series has been intiersected. 
k B^f . ^ "f"?'* °' ^^^' rectangular system of jointing occurs 
uiBaton s Creek about a mile and a-half above its junction with 
«e NnUagme River, just within the western border of the 
ffoMgical map. 

wL**® 8«ater part of the country lying to the south-east is 
Maed of an open rolling plain, the monotony of which is broken 

SltIl^Tr°!"^.^"^^ ^^«^ °* »»^b«> (^)- This dvke Ues 
ttout two miles to the west of the township of Nullagine. The 
Mtgme River cuts through the ridge at a point aboutthree miles 

hSt aW^r-'f'P-i J^l^ ^^^^'^ P^^ ^^ t« « considerable 
"«ght above the level of the surrounding country and forms a very 

SIISL^ Mosquito Creek Series, which formation carries all 
aeannferous reefs yet worked in the district. 

»nllS«/J°'® ''^ flie country lies within the watershed of the 
wtefS.?' 1^^ Jte tributaries ; the two most important of 
»inch are Beaton's and Kadjebut Creeks. 
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History. 

Very little appears to have beeu officially recorded of the early 
history of the NuUagine district. It seems, however, that the first 
discovery of gold at Kullagine was made by Mr. N. W. Cook, in 
the year 1886, as a reward for which he received, two years later, a 
sum of Jg250 from the Government. 

The spot at which the original find was made lies at the western 
extremity of a long, narrow, laterite tableland, in close proximity to 
several quartz reefs ; the position of this spot is indicated on the 
Geological Sketch Map of NuUagine. (Plate I.) 

The erection of a ten-head battery in 1895 at NuUagine, where 
the first crushing of 184 tons yielded 210ozs. IGdwts. of gold, 
appeared to have given a great impetus to mining, for the Warden 
of the field, writing in July of that year, reported : — " Quitfe a boom 
in leasing has commenced."* 

The foUowing year, the Inspector of Mines for the Northern 
Q-oldfields stated : — ** At the NuUagine, quartz reefing (which ha>8 
only been inaugurated during the past 18 months) is making rapid 
advances, crushings having yielded from 2ozs. to 8ozs. per ton, 
while the acquisition of a large area of conglomerate holdings by an 
English company marks a new era in the history of the district.t" 

The pn^ress of NuUagine during the year 1897 is thus aUuded 
to by the Warden in his Annual Tleport to the Minister for 
Mines:— ''Besides alluvial digging and quartz reefing, gold is 
obtained from conglomerate lodes with payable results. There is 
one ten-head battery, and two more are in course of erection. 
Water is obtained at an average depth of 50 feet. The yield of 
gold for the year is 982ozs. There are regular consignments of 
alluvial gold from NuUagine, of which I have no record ; but, from 
information obtained from the business people, I should say that, at 
the lowest estimate, these would amount to GOOozs. per annum."} 

Writing on the advanoes made on the Pilbara Qoldfield during 
1898, the Warden thus alludes to the progress of NuUagine :— "The 
North- West AustraUan Goldfield, Ltd., at NuUagine, are showing 
their confidence in their conglomerate lodes by supplementing their 
crushing machinery and laying down tramways, and thus, by work- 
ing on a lar^ scale, endeavour to decrease expense and make their 
properties pay."§ 

No mention is made of the progress of NuUagine during 1899, 
1900, and 1901 in the reports of the Warden, as pubUshed in the 
annual reports of the Mines Department ; for 1902, however, it is 

'.SapplementarT Beport cm the Department of Mines, let Ootober, 18B&. Perth : 

Bj Authority, 1885, p. 4. 
t Pilbara and Weet PUbara Ooldflelds, 1896. 8. J. Becher. Beport of the Depart> 

ment of Mines for the Year 1896. Perth : By Authority, 1897, p. 86. 
t Beport of the Department of Mines for the Year 1897. Perth : By Authority, 

§ Beport of the Department of Mines for the Year 1888. Perth : By Authority, 
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stated : — ** A large amount of good and useful deTelopment work is 
bong done in the Nullagine District, where a further ten-head 
of stamps is being erected on the British Exploration and Develop- 
rneat Company's property, which, when completed, will enable 
^lem to run 15 head, and for which purpose they are carrying out 
ft water scheme which, when completed, will bring water a distance 
\\ miles from the river to the mine. Later on another 20 head is 
proposed to be erected."* 

The year 1903 was a very quiet one in Nullagine n so far as 
aj mining was concerned, and no mention is made of its pro- 
gress in the Annual Departmental Beport for that period. 

General Geology. 

The following represents in tabular form the geological forma- 
liMiB in the district embraced by the area of the map. The strati- 
M rocks are arranged in geological sequence : — 

Allayial deposits. 

Laterite. 

Nullagine series. Quartzites, grits, confi^lomerates and interbedded 

^eous rooks. 

Unconfomiify. 
Mosquito Creek heds. — Sandstones, fine oonglomerates and shales. 
Greenstone dykes. 

AUuYial Deposits. 
The banks of the Nullagine River and its tributaries are 
skirted by a variable width of sdluvium, the full extent of which has 
been shown on the geological map. The greatest width attained by 
tbe aliuvium is about 50 chains, but in no case does it reach any 
gieat thickness. 

The south-eastern banks of the Nullagine River show a con- 
fiderable extent of alluvium at a much greater elevation than that 
<rf the present water-courses. This is depicted in Pig. 1. This 

Fio. 1. 



SECTION ACROSS THE NULLAGINE RIVER NEAR TOWNSITE. PUBAKAef . 
/. AMe jiiLvr/vM. Z. Mew£/t 4Ui/y/</M. 3. SAnosTOMiS, s^/nr MffO SMU£S. 

*ectioQ shows the remains of an older alluvium laid down at a time 
▼hen the Nullagine Biver flowed at a slightly higher level than 

DOW. 

* Beport of the J)ei«rtment of Miaet f or the Ymt. 1902. Perth: By Authority, 
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Writing in the year 1890, Mr. H. P. Woodward says, with 
reference to the alluTUhl depoeits of NuUagine, that * :— 



** Three cla9se8 occur ; 1st, the alluviuoi of existing creeks ; 
2nd, the alluvium of older creek beds, but in conjunction with the 
present streams ; 3rd, older alluvial deposits or deep leads bearing no 
relation to existing streams or confignration of the country. . . 
The older alluvial deposits are found in the river flats, where the 
auriferous gutters are crossed and recrossed by the present streams. 
The sinking here is about 10 feet, and very hard work, owing to the 
fact that the deposits that overlay the dirt are cemented masses of 
quartz and boulders of other hard rocks. . . . The deep leads 
are cut across by the present valleys, and can be traced from hill to 
hill. Here the sinking is very variable in depth, the whole gutter 
in some places appearing on the side of a cliff where the work 
merely consists in driving, while in other places shafts up to 60 feet 
or 70 feet have to be sunk to work the same lead. Up to the 
present only one of these leads has been discovered, but there 
cannot be the least doubt that more will be found when the small 
hills between the conglomerate range and the creek are thoroughly 
prospected. All three of these deposits are very rich, but no one 
can estimate the quantity of gold with any degree of accuracy, as 
so much leaves the colony without ever being reported ; but there is 
no doubt that more has been taken from this field than from any 
other in the colony." 

It is not quite clear from What can at present be seen in any of 
the sections exposed in the neighbourhood of NuUagine, that what 
are described above as " deep leads " are such ; the impression left 
upon my mind is that they merely represent weathered outliers of 
the basal members of the Nullagine Series. 



Table showing ike Yield of the AUuviaX and Superficial 
DeposiU of the Nullagine District generally. 



Taw. 



1897 
1808 
1809 
1900 
1901 
1902 
1908 
1904 



Total 



Gold. 



OSS. 

No data. 

1,00000 
729-79 
2700 
83102 
390-67 
288-30 
403-24 



3,67008 



' Aimiud Genanl Report of the QoTemment Geolofiet for the Tear 1890. 
Bj Authority, 1^1, p. 25. 



Perth: 
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Laterite. 

A yery noticeable geological feature of the area, is the 
ooearrenoe of several isolated 'toiblelands of laterite ; the area which 
these oocupj has been accurately delineated upon the map of the 
district. One very important feature which the uiap, owing to the 
lack of contour lines, fails to briug out, is the uniform level at 
ffhich this laterite invariably occurs. 

The most conspicuous tableland is that which lies to the 
soath-west of the township, and about a quarter of a mile west of 
the river bank. The tableland has a length of about a mile and a 
qtarter, and an average width of about 10 chains ; it presents a 
steep bluff, several feet in height, which extends with scarcely any 
interroption all round the plateau. 

This tableland is breached by that tributary of the river which 
flows into it near Suburban Water Bight No. 5. The laterite 
continues from this point as a narrow strip far beyond the Hmits of 
the map. Three other outliers occur to the north of Beaton's 
Creek, the most conspicuous being that which lies adjacent to the 
township of NuUagine. 

An inspection of the geological map demonstrates that the 
kterite traverses successively all the geological formations, with the 
single exception of the modem alluvium. 

In its lithological characters, the deposit presents all gradations 
from ferruginous claystone to pure limonite ; the rock itself is very 
porous, and weathers readily into caverns and cavities of all sizes ; 
in some places the surface of the rock is covered with a glaze of 
hjdrated oxide of iron. When seen in section, it is noticed that 
the laterite passes by insensible gradations into the underlying 
strata without any sharp line of demarcation. 

Mr. Woodward refers to what is evidently the laterite series as 
follows: "Another line of flat- topped hills, but lower, extends 
along the side of the creek, but these are of much more modem 
formation,* and it is in these that the deep leads are met with. 
The beds which form these hills rest directly upon the indurated 
ilates.t and pipeclay, soft white sandstone, gypsum, and boulder 
beds. The wash is often very fermginous and hard, necessitating 
enishmg. The whole of these beds are capped by a ferruginous 
luadstone containing large quantities of fossil wood." X 

It may be noted in this connection that I saw nothing which 
could be described as fossil wood anywhere in the series, as exposed 
in the vicinity of Nullagine, this, however, may possibly be due to 
the fact that at the time the district was visited, work was in full 
Bwing, and Mr. Woodward may have had better opportunities for 
observation than were open to me. 

* The beds of the Nullagine Miies.— ▲. G. M. 
t The Mosquito Cceek Beds. 
t IM4., p. 85. 
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The Nnllagine Series. 

Bttdlmentary Rooks. 

The Nullagme Series is largely developed in the Pilbara Gold- 
fitild, and consists of a great thickness of sandstones, grits, con- 
glomerates, and limestones, some of which are magnesian, together 
with a series of lavas and ashes and agglomerates of as yet 
unascertained thickness. 

The formation, the base of which is rarely seen, makes a 
prominent feature in the landscape of the district, and plays a very 
important part in the geology of the north-west, in addition to 
being of some economic value by reason of the basal members of 
the series having been proved to be auriferous in at least two 
localities many miles apart. 

Previous reference to the Series. — In Bulletin 15 full descriptions 
have been given of the different sections which illustrate the relation- 
ship of the Nullagine Series to those beneath,* and therefore need 
not be repeated. 

Mr. H. P. Woodward, in the year 1890, makes the first brief 
official mention of the auriferous conglomerate of Nullagine in the 
following terms: — "To the west of this field are hills of nearly 
horizontally-bedded conglomerate rocks, probably of Devonian Age, 
in which reef gold occurs in small veins of quartz and ironstone, 
which follow and indeed fill in all interstices between the larger 
boulders. They are very rich in places, in fact so rich that it pays 
to ' dolly,' and the gold in the flat close by is evidently derived from 
these veins. This deposit is of very great interest, as nothing like 
it has before been found, for the gold, although occurring in an 
alluvial deposit, is reef gold and not alluvial, for it has been 
deposited subsequently to the formation of these boulder beds."t 

On a later page of the same report, in the description of the 
country traversed from Gteraldton to Nullagine. Mr. Woodward 
gives a few particulars with reference to the auriferous conglomerate 
and its relation to the older strata in the following terms : — ** In 
this conglomerate the gold is alluvial in character, but it is true 
reef gold, bemg deposited there subsequently to the deposition of 
the boulders between which it has been infilled with silica and iron, 
probably by thermal action. These beds dip at an angle of 12 
degrees to the north-west. They vary gi^eatly in character from 
quartzite to boulder conglomerate, but it is only in the feiTuginous 
l^s that the gold is found. This formation is probably of Devonian 
Age, resting unconformably upon the edges of the clay slates aud 
quartzite conglomerate beds with quartz reefs of the metamorphic 
series." % 

The latter portion of this description shows that the violent 
unconformability separating the beds of the Nullagine Series from 
those of the Mosquito Creek beds was at least recognised, though 
not emphasised, by Mr. Woodward fifteen years ago. 

* pp. 18, ao, 21, 22, 23, 24, 25, 27, SB, 80, and 31. f Aimiial Report of the Gov«niinent 
Geologut for the Year 1800. Perth : By Aiithoxil7. 1881. pp. 25-26: X IMd,, pp. 34415. 
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Writing in the year 1895, the Acting Inspector of Mines, Mr. 
S. J. Becher, informed the Miidster for Mines that : — " Nullagine. 
one of the oldest and best districts of the whole field (Pilbara 
Goldfield), lies about 80 miles south-east of Marble Bar. 
Oeologieally, it is perhaps unique. The ^neral character of the 
country is that of table-topped hills about 200 feet high, intersected 
br deep rayines, gullies, and valleys, widening out into flats and 
plains in all directions. In the immediate neighbourhood of the 
township the main characteristic features are : — First and centrally, 
flat-topped hills having ironstone formations, as ' crust,' overlying 
decomp>o8ed conglomerate matter ; secondly, hills more rounded on 
top consisting of red and white cement and conglomerate deposits 
of varying thickness, some of the waterwom quartz being quite 
boulders in size. The conglomerate contains a great quantity of 
ferruginous matter, and this apparently carries most of the gold, 
vliich occurs in a fine state." 

" The oentral hills seem to have been the result of denudation and 
decomposition of the material of the surrounding conglomerate and 
other formations. For the past six or seven years, there has been a 
steady output of alluvial gold from this field. Every gully has been 
BTstematically worked, the wash being screened and then carted 
down to the pool in the river for puddling and washing. , The 
screenings, etc., have even been reworked at a profit by dry-blowers. 
It was noticed that the ' runs ' of gold extended up the hill sides 
from out of the creeks and guUies. These runs were followed up the 
Bor&ce rubble for a few inches in depth, being all put through the 
drj-blowing machines, until the run ceased, when it was found 
that the original source of the gold was a seam or perhaps a big 
lode of conglomerate, whose outcrop was on the contour line where 
the ran of gold ceased extending up the hillside. Though alluvial 
work is still carried on, more attention is now paid to the con- 
glomerate lodes, which are being extensively worked and put 
through the battery with payable results." 

" Of late, too, some very rich reefs have been found a few 
miles out, in what is locally known as the * claypan ' country. 
Croshings from the outcrops and superficial works on these reefs 
are returning from 2 to 4 ozs. per ton, and their prospects of 
permanency in depth are, it is said, good," 

"The conglomerate lodes have attracted the attention of 
English Capitalists, and there will soon be extensive works thereon 
in operation. . . . "* 

In 1898, Mr. S. J. Becher describes the conglomerates of 
Nullagine in the following terms: — "In the immediate vicinity of 
Nullagine township or mining camp, range upon range of 
conglomerate hills lie to the north-west. . . . The course of 
the river . . . follows the outskirts of the conglomerate 
country, keeping on the farther side of the slate country and its 

*]Upoit of tlM D«i«rtm«Btof MioM for ih« Tear 1S96, AppendixS. P«rth : By 
Authority. 1806, p. 29. 



quartz reefs, and formR a marked line of division, as itweie, 
between the characteristic topographical features of the district. 
. . . Coming then to the conglomerate ranges, which average in 
height about 100 to 150 feet above the level of the river flat we 
find that the hills in the forefront, upon which the chief mine 
workings are at present situated, appear to be mostly round-backed 
and strewn with rounded boulders and pebbles. On closer 
examination, one finds that thej consist of bed upon bed of 
conglomerate, merging into intermediate layers of kaolin. The 
beds dip universally to the north-west, and strike north-east and 
south-west. The dip is flat, averaging perhaps 16 degrees. There- 
fore as one approaches from the south-east the hill-sides exhibit 
longitudinal sections of the country, and in s(»me cross gorges very 
complete studies mav be made of cross-sections ; whilst, where the 
rounded weathered hill sides slope to the flat, one may notice 
somewhat regular lines of round boulders and pebbles roughly 
marking the outcrops of the conglomerate beds. By these 
indications, and also by following up the runs of alluvial gold until 
they stopped all along certain horizontal lines, the auriferous 
conglomerates were originally located and worked by prospectors by 
means of drifts and tunnels." 

** Some of the conglomerate beds contain boulders up to three 
or four feet in diameter, while others carry nothing bigger than a 
man's head. These boulders consist of rounded masses of frag- 
ments of quartz, trap rocks, and other conglomerates. A peculiar 
feature about the shape of these is that they are very often some- 
what flattened like curling stones. This flattened shape might 
suggest glacial action, but the writer saw no striee. These have, 
the writer understands, proved to be less auriferous than the other 
beds whose component particles are small. The best gold seems to 
be obtained from ferruginous veins. The ore now being crushed 
by the mining companies varies in value, the writer believes, from 
lOdwts. to 2ozs. per ton, the treatment being by battery and amal- 
gamation alone. The gold is worth £3 17s. 6d. to £4* per ounce. 
At the time of the writer's visit, in the year 1896, only the decom- 
posed portion of the beds had been worked, but he is given to 
understand that a vertical shaft has since cut a bed in depth below 
the zone of decomposition, and that the character of the rock is a 
very bard greenstone conglomerate, carrying much iron pyrites, 
samples of which have yielded returns by assay up to ISdwts. per 
ton." 

"Behind these round-backed series of hills, to the westward, the 
topographical features vary again, and the conglomerate ranges 
assume an appearance of being teiTaced, the reason of which 
becomes evident upon examination. Following up into these ranges 
an affluent of what is known as the main creek, one enters a gorge 
with precipitous sides rising to 50 feet in height, and here a very 
fine cross section of the country mav be examined. Here it may 
be seen that, interbedded conformably with the beds of conglom- 
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erate, there are indurated slates and ^ts. The former, where lon^ 
expoeed to the action of the atmosphere and water, split off into 



"Compared with the above-mentioned series, little or no 
decomposition has taken place beyond surface-weathering^, which 
accounts probably for the fact that no free fs^old (to speak of) has 
been obtained in the gullies, and that the terraced series is not at 
present recognised as auriferous. Time may prove this. The 
terracing is due to the unequal effect of weathering on the exposed 
luDgitudinal edges of these otherwise undecom posed beds of varvint; 
dorabmty," 

" As to the age and origin of these interesting Nullagine beds, 
aotfaing definite is yet known " • 

Professor David, writing in 1902 on the Permo-Carboniferous 
gbciation of Western Australia : — " The;^ is ... in my pos- 
sesion a photograph (Fig. 6) taken by the late Mr. Becher of the 
Ofological Survey of Western Australia, of a remarkable con- 
glomerate at Nullagine, Pilbara, Western Australia, which so 
dosely resembles in general appearance the Cambrian glacial beds 
of South Australia as at once to suggest a possible glacial origin 
for the West Austialian beds. They are also associated with a very 
finely-laminated shaly altered rock, not unlike the Tapley's Hill 
shales, which overlie the Cambrian (H) glacial beds of South Aus- 
tralia. These Nullagine beds are probably of older paleozoic age 
(? pre-Cambrian), and should well repay further investigation.'' f 

The finely-banded rock, to which Professor David thus alludes, 
is probably either one of those lavas or ashes, which lie near the 
baae of the series and are well exposed in Beaton's Creek, and the 
Knllagine River itself. 

tn the more immediate vicinity of Nullagine there are several 
diff sections which show the mutual relationship of the various 
oanbers of the series. (Photograph " A.") 

In Beaton's Creek, a tributary of the Nullagine River, which it 
joins at the foot of McFie Street, is a very good section, showing 
the relation of the interbedded character of the volcanic rocks, 
iorming the basal members of the series. 

A portion of this section is shown in Fig. 2. 

The cliffs near Beaton's Pool expose two beds of ash dipping 
to the westward at an angle of 17 degrees from the horizon. The 
iippermost bed attains a thickness of five feet six inches, and is 
separated by six feet of conglomerate from another ash bed 12 
feet thick. In the geological map, owing to the smailness of the 
scale, this deposit has been ti^ated as one bed. The mapping 
shows that the bed is merely an attenuated lenticular patch of no 
^ great horizontal extent. 

* The Kvllagine District, Pilbaxa Gk>ldfleld, Western Australia. TianB. Inst. Mia, 

Ihigineera (Newcastle-uponTyne), 1896. Vol. 16. Ft. 1, pp. U^. 
t Beporl of the Olaeial Oommlttee. Austral. Amoc. for the Adv. Sd., VoL 9, 1902, p. 201. 
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A little distance below the pool is another much thinner bed 
of somewhat greater horizontal extent ; it can be followed north- 
wards as far as the southern angle of G.M.L. 2l. (216) *'The 
Trinity," where it is cutoff bj the fault which traverses this portion 
of the district. A good section of the ash is to be seen in the gully 
to the south of "The Trinity," at a considerable altitude above the 
level of Beaton's Pool, for the strata rise very rapidly in this 
direction. 

Fig. 2. 




SEOTtON AT B6ATON8 rOOL PffLBARA Q . f. 
r sjuf^rojife. 2 eoswiff^^^Jtn. S asm. 

The uppermost bed of ash [5796], which forms a fall over 
which the waters of the creek drop into Beaton's Pool, extends about 
50 chains to the northward, where it also is truncated by the fault 
previously alluded to. In the vicinity of the fault, the bed has a 
slightly increased dip of 20 degrees to the west. A small attenuated 
portion of it is to be seen on the downthrow side of the fault near 
the head of one of the branches of Beaton's Creek. It is possiblT 
this bed which occupies the topmost stratum of the synclinal trougn 
occurring on M.L. 1l. Thiere is however no great thickness of ash 
in this section, the bed evidently thinning out rapidly in this 
direction. 

A traverse up Beaton's Creek for about a mile or so above the 
pool shows the beds overlying the ashes to consist of conglomerates 
[0797] and grits disposed in a series of gentle folds, with dips vary- 
ing from 5 to 8 degrees from the horizontal. The cliffs rise to con- 
siderable elevations above either bank of the creek, and show good 
sections of the strata. The beds are traversed by a series of 
rectangular joints which* have proved to be the dominant factor in 
determining the general direction of the watercourse. 

An important section is to be seen on the southern bank of the 
Nullagine Biver at a point about 40 chains south-west of Suburban 
W.R. 5l, which discloses the violent unconformability separating 
the Nullagine from the underlying series (Pig. 3) : — 

The basal member of the Nullagine Beds in this section consists 
of a few feet of grit and conglomerate, overlaid by about 3 feet of 
ash, the whole dipping at an angle of about 18 degrees to the south- 
west. These rest upon the upturned edges of the quartzites and 
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dense shales forming the Mosquito Creek Beds, which latter dip at 
angles ayeraging about 70 de^ees in a south-west direction. 

Fio. 3. 




SECnOH OF THE NULLAGINE RIVCR NjEAR W1R«SV PIUOARA M 
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Some distance higher up the river the conglomerates and grits 
cf the Nullagine Beds are overlaid by acidic lava [6796]. These 
Tolcanic beds occupy the country as far as Wild Dog Camp, Bes. 
W&* about 16 miles above the township, and entirely conceal the 
sedimentary rocks beneath. In the neighbourhood of Wild Dog, 
& lavas are somewhat amygdaloidal [6606]. In certain portions 
of the district, the irregularities of the old surface upon which the 
beds were laid down is such that the volcanic beds often overlap 
the older rocks. 

About four and a-half miles eastward, the volcanic rocks rest 
feectly upon granite, at an altitude of about 200 feet above the 
wdl at Wild Dog Camp, the sedimentary rocks beneath being 
abient. This granite i;ountry is traversed by several quartz reefs. 
1 very prominent reef, havinj? a general trend of 248 and 63 
degrees with a horizontal extent of a few miles, does not appear to 
be a fissure vein, as generally understood, but merely a gradual 
Rplaoement of the surrounding granite by silica along a main line 
<rf weakness. 

The bedded lavas, which are sometimes vesicular, were followed 
westwards some miles beyond Trig. Station G 13, on the head 
waters of the Coongan River ; and from their mode of occurrence 
in the field, it is evident that they rest in this locality upon a very 
tmeven surface. 

No opportunity presented itself of tracing the boundary of the 
Nallagine Series to the south of Wild Dog Camp, but so far as may 
be judged from Mr. Woodward's descriptions, the formation would 
appear to extend to a point a few miles to the westward of Bamboo 
Spring (Bes. 1927) on the head wateis of the Shaw Biver, for it is 
stated " the rocks (near Bamboo Spring) are quartzite and basalt, 
with veins of chalcedony and inferior opals ; the chalcedonies are 

* Lttacb Department Uthograph 16 Q. 
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often finely banded, and should be of considerable commercial value, 
as they can be obtained in large blocks." • 

From a personal knowledge of the country, 1 have very little 
doubt as to the identity of the strata to which Mr. Woodward 
refers with those already described. 

The road from Nullagine to Wild Dog Spring passes, after 
getting clear of the town, near Kadjebut Spring, a watering place 
on the creek of that name. In the vicinity of the spring, there are 
several sections which give a fair idea of the relation existing 
between the various rock formations. 

The Pig. 4 gives a genemlised section of the country in the 
vicinity of what is known as the rock hole, near Kadjebut Spring. 

Fio. 4. 



SECTION IN THE VICINITY OF KADJEBUT SPRING. RIJBARA C.F 
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On the western side of the large dyke, which at this point 
attains a considerable thickness, the Nullagine Series is represented 
practically by lavas and ashes, ivith a thin bed of conglomerate 
underlying. The beds rest with a violent unconformity upon the 
upturned edges of the Mosquitx) Creek Series. The Nullagine eon- 
glomerates and grits abut directly against the dyke along its. 
eastern wall. So far as can be seen, there is no evidienoe of altera- 
tion of the sandstone and conglomerate anywhere along the line o£ 
contact between them and the dyke, nor so far as I could detect 
were there any pebbles of the gabbro contained in the conglomen^te. 
The evidence so far as it goes seems to point to the junction 
between the two formations being in this locaUty a line of fault. 
In no place, however, did this dyke pierce the Nullagine conglom- 
erates, though some miles northward in the vicinity of the One- 
mile Creek, a narrow dyke of a similar character does rise to the 
level of the Nullagine Series, and can be followed across country 
north-west and south-east traversing in turn each individual bed. 

The basal conglomerate is made up of rounded, ellipsoidal, or 
subangular fragments of the strata forming the older underlying 
series (the Mosquito Creek Beds). These often include pieces 
which may reach a length of three or four feet, but the bands eon- 
taining the larger fragments are merely local. Photograph " B " 

• Lo«. at., p. 34. 
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shows a portion of this coufs^lomerate at the entrance to one of the 
mine workings. The conglomerate consists chiefly of fragments of 
the existing conglomerates, cherts, grits, and shales; reef quartz, 
identical in chanicter with that forming the auriferous depotjits in 
the imderljing strata, being a very common constituent The 
pebbles are embedded in a matrix, which is principally sandy, 
though sometimes aluminous. 

Some portions of the conglomerate contain flattened and striated 
pebbles [6805] of fine-grained sandstone and sandy shales, identical 
in character with the beds of the Mosquito Creek Series ; to these 
itnated pebbles a glacial origin has been assigned by the late 
Mr. S. J. Becher, and subsequently by Professor David. These 
pebbles, however, would, in the light of the evidence now available, 
seem to have had their striation induced previous to their taking 
pirt in the formation of the Nullagine Series. The beds upon 
wbich the series rest with a violent unconf ormability and to the 
^adation of which the pebbles owe their origin, having been 
sobiect to intense mechanical deformation, it would only be natural 
to find slick^nsided fragments and jpebbies in the newer rocks. 
Effth movements have caused the K'ullagine Beds to be thrown 
iirto a series of midnlatory folds, well shown in the geological 
map and section, but the deformation thus engendered has not 
bem of sufficient inteMity to cause any striation of the eosbponent 
yebbies. 

The conglomerates or consolidated shingles are of distinctly 
sedimentary origin, and owe their occurrence to the disintegi'ation of 
pre-eiisting strata, which will be fully described on a later page. 
Fiom the angaknty of maaiy of the pebbles, wkioh make up the mass 
ofthe basal members of the series, it may be reasonably inferred, 
tbt the coast^liike which lumislbed then was not far distant. No 
oatliers of the series occur anywhere in the vicinity of the country 
embraced by the Oeologicat itfap of Nullagine. From this fact and 
tiie angularity of many of the conglomerate pebbles it may be inferred 
tlvttDe present boundary of the series approximately marks the 
<m^;mal shore-line. The evidence available from a careful study of 
the district over which the series extends, shows that the surface 
ppon whleh the beds were kud down was extremely irregular. This 
imgularity Wa» pftrticiilarly appaorent in tke neighbourhood in 
which the basal shingles have been mined. The auriferous strata 
<iccnr tfarot^^h a thickness of about 300 feet of grits, sandstones, and 
<»ogbtneiiite, forming the lowest portion of the series: those 
portions of the* sttftta which have been proved to be gold-bearing are 
those which are largtefy impregnated t^ith the oxides ot sulphides of 
iron, and which li)9 between the fault north of Beatoti's Greek and 
the greenstone dyke (possibly along a fault-line also) crossing the 
Otte^mfle Glf^ek in the vicinity of Mineml tiease 5l. As may be 
tesn by the table beloW, the gold contents of the conglomerates are 
small, not tf o muMi ng to mofe than at the rate of -62 ozs. for the 
total tonnage crushed since mining first commenced. 
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Table showmg the Tidd of the Auriferaui Conghmeraies of th^ 
NuUagine Series. 



Tear. 


Ow 


Qold 


Bate 


<^m(Ml60. 


therefrom. 


per ton. 




tons. 


ox*. 


OES. 


Previoiis to 1897 


367-60 


484-70 


1-21 


1897 


246-00 


228-00 


•92 


1898 


89300 


1,001-20 


1-12 


1899 


753-40 


633-36 


-70 


1900 


382-00 


149-90 


-31 


1901 


1,468-00 


647-63 


-44 


1902 


800W 


128-51 


-42 


1903 


77700 


94-10 


•12 


1904 


Nil 


NU 


... 


Total 


6,167*00 


Z^T26 


-62 



Itfneoui Rooki asiooiated with the Seriei. 

From the geological maps and the descriptioiiB given in this 
and Bulletin 15, it will he seen that a great series of hedded lavas, 
ashes, and agglomerates form an integral, sj^d no small, portion of 
the series as developed in different portions of Pilbara Qoldfield. 

Wherever these beds have been examined it has been invariably 
found that thev consist of acidic lavas, the composition of some of 
these [5393, 5A64, 5384] which may be regarded as typical of the 
series have already been published in Bulletin 15 and need not be 
repeated. 

The greater mass oi the rocks consist of separate lava-flows, 
each of Ho very great thickness. Some of the lavas are distinctly 
amygdaloidal, the cavities being filled with chalcedony. 

Some of the finer-grained ashy beds [5796] differ very little in 
general appearance from many of the banded lavas, with which they 
are associated, but their distinctly fragmental character can readily 
be made oUt by the microscope, and in some cases with the aid of a 
pocket lens. 

So far no evidence has been obtained which would throw any 
light upon the sources from which the lavas emanated.* 

In the neighbourhood of Coppin's Gap, the volcanic rocks of 
the NuUagine Beds are represented by coarse agglomerate, dipping 
at angles of about 20 to 30 degrees to the east, and passing beneath 
the sedimentary rocks of the series. Associated with these are 
beds of greenish grey lava. The sedimentary rocks of the series 
which occur a.t a somewhat higher horiz^on consist of coarse con- 
glomerate and fine-grained sandstone. Tl^e hills of cong],omerate 
rise to considerable heights above 'the surrounding plqins, which in 
this particular . locality are underlaid by granitic gneiss^ and allied 
rocks. ...... 
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On the Coongan Biver, some distance below the township of 
Marble Bar, a mass of volcanic agglomerate forms a verr con- 
spicaous irregular-shaped hill, which presented every appearance 
d being the focus from which the surrounding lavas emanated. 

There are several acidic djkes visible in different portions of 
the district, which may possibly represent another phase of that 
Tolcanic activity which was rife. 

In the neighbourhood of the towDsite of Nullagine, a mass of 
quartz felsite [6798] was met with in the well on W.E. 2l. This 
tell has been carried down to a vertical depth of 108 feet, through 
martz felsite the whole way. This rock, the position of which is 
mown on the map of the NuUagine Conglomerates Gold Mines 
forming Plate 11., makes its appearance on the western bank of the 
seek, and rises to about the level of the floor of the battery site, 
vhere it seems to have diffused itself through a portion of the 
eoarse auriferous conglomerate forming the base of the formation 
a this locality. The quartz felsite is very much decomposed, the 
alteration extending as far down as the bottom of the well, which is 
the deepest point at which it has been pierced. Examined under 
the microscope, the rock is found to consist of quartz and plagioclase, 
set in a partdally devitrifled matrix. 

The recognition of the position of the Nnllagine Beds in the 
itiatigraphical succession is a point of considerable importance ; the 
licence of fossils throughout the series, wherever it has yet been 
stadied, however, renders correlation extremely difficult. 

The earliest investigator of the district, Mr. H. P. Woodward,* 
anigned a Devonian Age to the series, though the evidence does not 
Mm to be conclusive. The next observer, Mr. S. J. Becher, writes 
that of ^ the age and origin of these interesting Nullagine Beds 
iotldng definite is known." f 

Professor David infers that the beds are " probably of older 
P^zoic Age (? pre-Cambrian) and should well repay further 
iiTestigation." X 

The limestones of the series having yielded no fossils, petro* 
gnphical resemblance seems to be the only method bv whicn any 
^oe can, in the present state of our knowledge of the series, be 
vrived at with respect to its age. 

In a previous report § the difficulty of correlating the Nullagine 
Beds with any of the formations described in the official publica- 
tions on the geology of Western Australia was fully set out, and 

* Amuul Beport of the Qoreniment Geologist for the Tear 1890. Perth : By 

Attthorftj, ISM, pp. 25 and 98. 
tThe NnllMliie I>istfiet, PObani QoUfteld, Westem ▲aetnOia. Trans. Inst. 

Mining Engineers (Mewcastle-on-Tyne), 1896. Vol. 16, Pt. I, pp. 44-52. 
I Beport of the Olftd&l Ck>m]iiittee. Austrsl. Assoc, for the AdT. Sd. Vol. 9, 1902, 

p. 201. 
i A. QihbMaltlaDd PrelimhiuT Beport on the Geological Features and Mineral 

Besooroes of the Pllbaxa Goldflelda Bnll. No. 15. Perth : By Authority, 

190i,p.l0. . 



tbe lithological resemblance to the quartzitee, etc., of the King- 
Leopold !EUnge» in Kimberlej, was emphasised. If this petro- 
gnaphicc^ vesemblanoe should prove tu possess greater significance 
than at present appears, the Cambrian Age of the Nnllagme Seriea 
would seem to have strong claims for consideration. 

TheNnllagine Beds haveaverj wide distribution in the North* 
Weqt Division, and the Volcanic Series would seem to occupy a large 
area of country ii^ the southern portion of the district. It may be 
noted that, in a bore put down by the Government at Onslow, near 
the mouth of the Ashburton River, to a depth of 1,729 feet, there 
was passed through a thin bed of a volcanic rock (" basalt " of the 
bore journal) identical in its characters with some of those igneous 
rocks forming part of the Nullagine Beds as developed elsewhere^ 
It may thus be that these strata were pierced in the lower portion of 
the Onslow bore-hole. 

Undoubted Permo-Carboniferous foasiliferous rocks are known 
to occupy a large area of country in the watersheds of the Gascoyne, 
the Minilya, and the Lyndon Rivers ; hence an examination of the 
(geologically unknown) cpuntry lying between Onslow and the 
Lyndon River should afford some valuable information as to the 
mutual relations of the Permo-Carboniferous and the Nullagine 
Beds ; hence it is from this district that the most important clue to 
the age of the Nullagine Series may be ultimately hoped for. 

Mosquito Creek Bed& 

The Mosquito Creek Beds, which underlie the strata of the 
Nullagine Seriies, comprise one of the oldest of the sedimentary 
formations as developed in Pilbara. The formation is abundantly 
represented, and occupies the surface of a very large area of country. 
The series, which consists of grits, shales, and fine conglomerates, 
takes its name from the district of Mosquito Creek, 24 miles due 
east of Nullagine, where these beds were first noticed.* 

In that report attention was directed to the difficulty of 
separating the schistose rocks, which make up a large portion of 
the district, from these sedimentary rocks, and further observations 
have only served to emphasise that difficulty. As will be noted in 
the description of the geology of the Warrawoona field, which is 
made up of a mass of sedimentary strata, and associated igneous 
rocks, converted into crystalline schists, by metamorphic agencies 
operating on a regional scale, there seems good reason to believe 
that in the Mosquito Creek district the same conditions prevail. 

The old 40-mile road from Mosquito Creek to Sandy and 
Middle Creeks follows an open longitudinal valley occupying the 
Htimmit of a very broad anticlinal fold, which forms a very 
important structural feature in the district. It is upon the northern 

* Pi^Uminary Beport on the Oeolofpcal Peatares and Mineral BeaoiwcaB of the 
Pilbara Ooldfleld. A. Oibb HaiUand. Bull. 15, Perth : By Authoritj, 1904. 
p. 78. 
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and aoathem flanks of this arch that all the auriferous quartz reefs 
of the NnUapne-Mosquito and Middle Creek zones occur. 

A traverse from Nulla^^e township, south-eastward for about 
six miles to the cairn 0. 16, on the summit of South Dromedary,* 
diBcloses a succession of highly inclined grits, sandstones, and 
thales with quartz veins. The whole series which forms the low 
ground underlies to the westward. 

The two hills, the North and South Dromedary, which form 
^ most conspicuous features in the landscape, rising as they do to a 
considerable elevation above the general level of the surrounding 
nontry, expose what appears to be the base of the Mosquito Creek 



The Sooth Dromedary forms a ridge which has a general trend 
of north 50 degrees east, and a length of about half-a-mile. It is 
Bide up of vertical beds of conglomerate of considerable thickness. 
Tke conglomerate is very much cleaved, and the cleavage planes are 
leen to cut clean through the centre of many of the quartz and 
other pebbles. It may be noticed that the conglomerate contains 
munerons pebbles of laminated quartzite (chert), belts of which 
form such a conspicuous feature in other portions of the district, 
uidare described in the previous report (Bulletin 15). 

About two miles and a-half to the south-east of Quartz Claim 
32* is a cairn, forming the summit of a tortuous ridge of laminated 
qo&rtzite (chert). ThiB quartzite underlies at an angle of about 
40 degrees to the west, and with an average strike of north 
70 degrees east. A few feet to the west of this is a remarkably 
eoBspicuous vein of quartz of considerable horizontal extent. From 
tk position of this laminated quartzite, it would appear as though 
tk beds in which it is enclosed belong to an older formation than 
tkt which comprises the strata of the North and South Dromedaries. 

Between this hill and the South Dromedary (G. 16), sandy 
9d micaceous beds (? sandstones or grits) of the Mosquito Creek 
tjpe prevail. These strata are traversed by numerous quartz veins, 
l^ parallel to the planes of bedding (? cleavage). 

Farther to the eastward, a norqial grauite makes its appear- 
iflce. This granite, which is clearly intrusive into the strata just 
described, is traversed by pegmatite veins which have, when viewed 
OD the whole, a general strike of north 80 degrees east. In addition 
to the pegmatite veins, the granite is also seamed with an 
approximately parallel series of quartz reefs, which may merely 
i^present another phase of the pegmatitic intrusions. 

No estimate in the present condition of our knowledge of 
even the approximate thickness of the Mosquito Creek Series can be 
made, though the apparent enormous thickness of the formation 
niaj, in all probability, be due to the repetition of the beds by 

* Vide MinM Department Lithofrraph, L 76. 
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No trace of fossils haying been met with anywhere in the 
series, so far as it has been examined, any definite data as to the 
age of Mosquito Creek beds is unavaihible. 

Observations, fullj set out on an earlier page, demonstrate 
that they lie unconformable beneath the Nullagme Beds, and as in 
certain portions of the district the Mosquito Creek Series have been 
subjected to more or less intense dynamic roetamorphism, a con- 
siderable period must have elapsed between the deposition of the 
two series. 

The Mosquito Creek Beds are of economic importance, bv reason 
of the fact that they form the matrices of the numerous auriferous 
quartz reefs which outcrop along a belt of about 24 miles in length, 
and have been more or less perfunctorily worlsed. A full descrip- 
tion of the reefs occurring in the Mosquito, Sandy, and Middle 
Creek districts has already been given in Bulletin No. 15, pp. 
78-101, and need not be repeated. In this report, uarticulars will 
only be given (under the heading of Economic Geology) of those 
reefs, etc., embraced within the area covered by the Geological Map 
of Nullagine (Plate I.), and to which no previous reference has been 
made. 

As may be seen by a reference to the table below, the gold 
contents of the reefs are high, having an average of nearly 3oz8. 
for every ton of stone mined and milled, though the actual quantity 
of ore raised has, up to the present time, been very small. 

Tahle showing the Yield of the Auriferous Quartz Reefs of 
the Mosquito Creek Series. 



Yew. 


Ow 


Gold 


Bate 


oniahed. 


therefrom. 


per ton. 




ton*. 


osa. 


OSB. 


Previous to 18©7 


339-50 


1,126-20 


3-31 


1897 


16100 


46096 


2-98 


1808 


606*60 


1,174-66 


1-94 


1899 


12-70 


79-60 


6-27 


1900 


10100 


478-90 


4-74 


1901 


28-25 


18710 


6-62 


1902 


NU 


NU 




1903 


Nil 


Nil 




1904 


NU 


Nil 


... 


Total 


1,237-05 


3,497*30 


2-82 



Greenstone Dykes. 

Apart from the igneous rocks which form an integral portion 
of the Nullagine Series, the greenstone dykes make a conspicuous 
feature of the country in the more immediate vicinity of Nullagine. 

Lying to the west of the township of Nullagine, and distant 
about two miles, is a very prominent greenstone [5799] dyke, which 
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attains its greatest deyelopment along tlie eastern bank of Kad jebut 

Creek. The summit of this djke is formed of a very rocky ridge, 

madeap of large rounded and suban^ular blocks of greenstone, 

prodncing in places a snrf ace of indescribable roughness. This dyke 

baa a general north-east and south-west strike, and extends some 

mleB in a northerly direction far beyond the limits embraced by the 

Geological map. It has a width of about 1,500 feet, and wherever 

9m in section the dyke has a decided tendency towards Terticality. 

So far as could be seen, there appeared to be very little, if any, 

ip{ureciable alteration of the enclosing rocks on either wall of the 

ike. In two places along its course the d^ke sends out tongues 

iito the sarronnding rocks. It is quite possible that there may be 

wae moLdergronnd connection between the main dyke and those two 

uaDer ones which occupy a portion of the surface to the east of the 

Oreat Eastern line of reef. These two dykes, the position of 

fideh is shown on the G^logioal map, have a horizontal extent of 

iboQt 15 and 50 chains respectively. 

This large, or what may be called main, dyke is«nowhere seen 
to pierce any other strata than those of the Mosquito Greek Series. 

At a point about 20 to 30 chains to the west of this larger 
dyke is another approximately parallel one, first making its 
appearance between the Victory and the Day Dawn groups of leases, 
ud trayersing the country to the northward in the vicinity of 
KA. 4 L until it disappears beneath the alluvium of the Nulla4<ine 
Biver. Although it rises to a considerable height above the general 
Wl of the surrounding plain and forms a prominent surface 
feiture, it nowhere exceeds a width of two chains. This dyke also 
does not pierce any other strata than those belonging to the 
Mosquito Creek Series. 

On the north side of the Nullagine Biver, and in the vicinity 
of tie One-mile Greek, is another greenstone [5794] dyke, trending 
goaally north- west and south-east. It v has been followed across 
w«ntry for a mile and a-half, and extends far beyond the limits of 
the map. This dyke, which traverses both the Mosquito Greek and 
^ Nullagine series, does not make any very pronounced feature in 
the landscape, though it can be readily followed. Its width nowhere 
nceeds two chains in width, and when seen in section is vertical, or 
nearly so. 

There seems very good reason for believing that this dyke may 
be the prolongation of that disappearing beneath the alluvium of 
the Nullagine River, in the vicinity of M.A. 4l. The course of the 
djke north of the One-mile Greek is approximately parallel to that 
fault which lies to the north of Beaton's Greek, and it is quite con- 
ceivable that the One-mile Greek dyke may occur along a line of 
fracture also, although no obvious dislocation of the strata is 
apparent! Whatever may be the exact age of these dyke^s it; is quite 
5^ that the one last described is newer than the series. of strata 
it penetrates. 



The rock [5790] of which this djke is formed is of medium 
grained, crystalline structure. The only minerals which are readily 
recognisable with the aid of a lens are fdspar, pyroxene, and 
occasionaJly an iron ore. 

Under the microscope, relatively larjre proportions of crystals 
of aogite, some of which are changed into a pale green dichroic 
mineral, stand out very prominently. All the felspars, which seem 
to be plagioclase, and make up the greater part bv volume of the 
rock, present in all cases that turbid, mealy aspect due to alteration. 
The iron ore seems to be either magnetite or ilmenite, thoun^ 
pyrites is present in some portions. 

The rock [6794] forming the largest and most cons^icimaB dyke 
in the field is a veiy f reshy fairlv cross-grained rock, censisting of 
pyroxene, with a metalloid lustre, together with a white, and in 
some cases, almost colourless felspar, plagioclase. The felapar 
forms by far the larger proportion of the rock, and, when examined 
under the microscope, is found to be very much altered. A little 
quartz can be^ detected in some portions of the slide. The specific 
gravity of the rock is 2*82. 

An analysis ef a fresh, unweathered specimen [0791] made in 
the Survey Laboratory, showed its chemical composition to be — 



Saica, SiO, 

Altimiiia, Al-O, 

F«rrfaOiide,ire,0, 


... 64-92 


... 14^27 


1-28 


F«ii»iiB Onde, FeO 


6-26 


MagnAHa,MgO 


... 10-82 


Ume,CaO 


642 


Soda,Na,0 

Potash, K^O 

Combined Water, H,0 


2-50 


•64 


2-96 


HygToaoopic Water, H,0 

Cart>onio Anhydride, CO, 


•12 

•w 


Titanio Oxide, TiO, 


•96 


Iron, Fe Vw-s 

Sulphur, 8 » ^'^^ 


( 10 


■ - i 12 


Maganese Protoxide, HnO 


... trace. 
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This apparently diffisrs but little from that last described 
[5790], except in the coarseness of strain. 

So far as any obserratioas have at present been carried in the 
district, these dykes appear to have no apparent connection with any 
visible deep-seated rock of similar composition. 

Economic Gboloffy. 

The Knllaj^ine District comprises three distinct tjpes of 
auriferous deposits, viz. :— Alluvial and other Superficial Deposits; 
Quartz Reefs; and Auriferous Conglomerates. The resjpective 
vields of each is shown in the table below. 
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SynopHeal Table showing the Total Oold Production of NtdUtgine 
up to the end of 1904. 



Nature of Deposit. 


Ore 
cniahed. 


Gold 


Bate 
per ton. 


AUuYinm and Superficial 

Quartz Beefs 

AuriferooB Conglomerktee 


tons. 

1,23795 
6,167-00 


OIS. 

3,670-02 
3,497-30 
3,217-29 


X»B. 

2-82 
•62 


Total 


6,404% 


•6,714-50 


1*04 



* This total does not include that of the aUurlal gold. 

From this table it will be noted that, in so far as the number 
of oimces is concerned, the alluvial and superficial deposits have 
proved to be the most important, whilst the yield from the quartz 
leefs has exceeded that from the auriferous conglomerates bj 108-84 
ounces, although the average grade of the quartz proves to be more 
than four times greater. 

Considering the number of years this mining centre has been 
in existence, it must be candidly admitted that the gold yield is 
disappointing. 

In addition to the above totals, l,638'50oz. of gold have been 
obtain from the cyaniding of nearly 3,000 tons of tailings. It is, 
however, not possible to separate the yield of the tailings from each 
antre, but as they were all cyanided at Lambert's Treatment 
Works, M.A. 4l, it is probable that most of the ore was obtained 
from the more immediate vicinity of Nullagine itself. 

Table showing the Yield of the TaUinge Gyanided at Lambert's 
Treatment Works, M.A. 4h. 



Tear. 


Tons 
treated. 


Gold 
therefrom. 


Bate 
per ton. 


1902 

1903 


tons 

1,960-00 

84000 


os«. 

1^59-06 

379-45 


OES. 

•64 
•45 


Total 


2,800*00 


1,638*50 


*56 



This return thus brings the total gold yield of Nullagine up to 
12,023-lloz8., as recorded at the close of 1904. 

AllnYinm and Superficial Deposits. 

The alluvium and the other superficial deposits call for no 
■pedal notice, beyond the fa^^t that there seems good reason to 
l^lieve that no small portion of the *' alluvial" gold was obtained 
^m the numerous creeks draining that portion of the escarpment 
of the NuUagine Series lying between Beaton's and the One-mile 
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Creeks. Over this area, which is that occupied by the ferruginous 
basal conglomerates, skilful dryblowers are still able to obtain a 
certain quantity of gold, derived, in all probability from the residual 
concentration of the gold set free from the conglomerate. Owing 
to the circumstance that a cousiderable proportion of the gold so 
obtained is probably never officially reported, the actual yield from 
this source cannot be set out in figures. 

Qruarte Beefs. 

Quartz reefs occur in great abundance in the country lying to 
the westward of the Nullagine River. These reefs outcrop over a 
belt about four miles in length, which emerges from beneath the 
beds of the Nullagine Series near Suburban Water Bight 5l, and 
extends in a general north-easterly direction across the whole area 
of the geological map. So far as any observations have been made 
it seems that the productive area of the Mosquito Creek Beds, as 
developed in the more immediate vicinity of Nullagine, consists of a 
broad belt about a mile in width, with a general strike of north-east 
and south-west, which latter coincides with the general trend of the 
series. 

The position of most of the quartz reefs has been accurately 
laid down upon the Qeological Sketch Map of Nullagine (Plate I. j. 
They exhibit, when viewed on the whole, a general parallelisna, 
which is coincident with the plane of bedding of the enclosing 
rocks. The reefs invariably occur along the bedding planes, or, 
at any rate, cut them at a very low angle. Few of them attain any 
very great horizontal extent, nor, so far as could be judged by a 
careful inspection of the surface, did they reach, as a whole, any 
great thickness. 

The quartz of which the reefs of Nullagine are composed is 
generally of a whitish colour, contains little, if any, pyrites, and of 
such a character as render it readily amenable to battery amalga- 
mation and cyanidation. 

Several of the reefs have been opened up and worked to 
relatively shallow depths. 

Thb Mines. 

No work of any description was being carried on at the date 
of my visit to the district, and none of the mines were accessible. 

I have extracted a good deal of information from the 
manuscript reports of the different Inspectors of Mines, and the 
following notes may serve the purpose of giving some idea of the 
state of development of the mines and other cognate points at the 
time these officers visited the di8tri<!t. These notes, however, make 
no pretensions to being more than a mere general Account It is 
much to be regretted that no better official record has been kept of 
the statement of development of the district, a condition of affairs 
which virtually obtains over the whole of such portions of the 
Pilbara Field as have vet been visited. 
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For convenienoe of description the yarious properties are dealt 
with in geographical order, commencing at the north-easternmost 
end of the field. The location of each of the properties described 
will be found on the Geological Sketch Map of Nnllagine. 
(Plate T.) 

Fi8HBB*s Rbwa.bi>, G.M.L. 65l. — This, the most northerly 
of the leases in the comitrj to the east of the Nullagine River, is 
traversed by two small parallel quartz reefs of no very great 
horizontal extent. A very little desultory work has been done 
apin the property, which was held for a period of about four 
nonths during a portion of the years 1896 and 1897. A few tons 
df quartz were raised and crushed in 1897 ; the official figures show 
that 20 tons of ore crushed yielded 56*6 ounoes of gold, or at the 
werage rate of 2'83ozs. per ton. 

Tbt Again, 66l. — This lease adjoins that last described, on 
the south, and was at one period of its history known as the 
Turkey Mary. There are two distinct vertical reefs on the 
property, the easternmost having the greatest horizontal extent. 
The lease appears to have been held for a period of about five 
months only, daring a portion of the years 1896 and 1897. Two 
small shafts have been sunk, but although the reef proved to be 
imall, it is stated to have been rich. There are no crushmgs 
lecorded from the property. 

Pbomise, G.M.L. 331 (25l). — This six-acre lease lies some 
titde distance to the west of the Try Again and about 35 chains to 
the east of the Nullagine Biver. 

The property appears to have been held for about 18 months, 
IttTing been surrendered in July, 1897. 

There are two short reefs outcropping near the north-western 
Ixmndary of the property, and three others, the position of which is 
ihown on the plan, adjoining. A vertical shaft, 20 feet in depth, 
ns put down, but the Inspector of Mines' report states that there 
ni no reef exposed in it. A second shaft, 25 feet vertical, was 
entinued on the underlay for 25 feet farther, in a south-easterly 
Section, on a small quartz vein ; this, in the eastern shaft, the 
hspector of Mines' report states, attained a thickness of two feet. 
Thm appears to be no record of any crushings from this property 
in the official statistics, unless such are included with those from 
randry claims. The field note book, however, of the late Mr. S. J. 
Becher, at one time Inspector of Mines, contains the statement that 
''about 30 tons crushed over 90ozs., and that the first five tons went 
lOozs. per ton." From this it would seem that some very rich 
ore must have been met with. 

SuNBisE, G.M.L. 58l (480). — This lease is situated in the 
triangular piece of ground, bounded by the Nullagine River, Kadjebut 
Creek, and the gabbro dyke, shown on the geological map. A 
fairly well-marked quartz vein outcrops for some distance along the 
eastern boundary of the lease ; and has been opened out by means 
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of a shallow shaft. Little or nothing, however, can be seen at the 
present time. The lease was 9'bandoned in 1897; tJiere are no 
crushings from the lease in the official statistics, unless any such are 
included under the heading of the yield from sundry claims. 

Sunrise No. 1, G.M.L. 57l (429).— This property, which 
adjoins the Sunrise on the north-east, appears to have been taken 
up in September, 1896, and abandoned in the moatix of January of 
the following year. A small quartz reef, probably a continuation 
of the Sunrise, occupies a portion of the surface, near the south- 
eastern boundary of the property. The only work done on the 
property appears to have been raising the few tons of quartz whicli 
are shown in the official returns. These demonstrate that, previous 
to 1897, 28 tons of ore crushed yielded 14oz8. of gold, or at the rate 
of -SOozs. per ton. 

The Great Eastern Group of leases lie about a mile to the 
south of the Sunrise, and are situated on the eastern bank o£ 
Kadjebut Oeek, almost due west of the Nullagine township. 

Great Eastern, G.M.L. 59l.— The Great Eastern Reef makes 
a very pronounced outcrop, forming as it does the highest point of 
a low, though conspicuous ridge, which rises some 15 or 20 feet 
above the level of the surrounding country. The general strike of 
the reef is north-easterly, and, as measured at the surface, has an 
underlie of 70 degrees to the south-west ; from this it would seem 
that the reef is much steeper at the surface than underground. 
The country rock of both walls of the reef is slate; the reef 
measures about four feet in thickness, and the quartz is white, with 
ferruginous portions, due to the oxidation of pyrites. A fair 
quantity of stone from the outcrop had been raised to a depth of 
from 15 to 20 feet from the ground level. Mr. Inspector Gladstone's 
report mentions a vertical shaft 40 feet in depth, which had been 
continued on the underlay for a distance of 80 feet. At 30 feet in 
the shaft, a level is referred to 35 and 40 feet in length, driven 
respectively north-east and south-west, whilst at 90 feet a north- 
easterly level had been driven for a horizontal distance of 40 feet. 
There is no information in Mr. Gladstone's report as to the 
dimensions or character of the reef in the mine, and the workings 
were inaccessible to me. 

The following figures give the yield of the reef in so far as it 
may be gained from official data : — 



Table showing the Yield of the Great Eastern Bsef. 


Year. 


Ore 
crushed. 


Gold 
therefrom. 


Rat« 
per ton. 


PreviouB to 1897 

1898 


tons. 

2000 
15000 


ozs. 
33-80 
168-95 


OKS. 

1-69 
112 


Total 


17000 


20275 


119 
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Ehtbbprise, G.M.L. 76l. — This is an isolated lease about 
three-quarters of a mile to the north-west of the Great Eastern 
Group. It embraces a part of the old Union Jack Lease 40l. A 
fairlj well-defined reef, which can be followed more or less 
interruptedly across the surface to the south-west for a distance of 
1500 feet, traverses the lease. Several shafts have been sunk to 
depths of which there is no information. Water is said to have 
been met with in two ot them at 35 feet. These shafts have been 
utilised as a source of water for the Battery and Cyanide Plant at 
ine time erected on M.A. 4l, which embraces part of the lease. 
There have been no crushings recorded from the property, unless 
thej are included in the yield from sundry claims. 

In the vicinity of this lease there are several other parallel 
mk of smaller size, upon which a little work has been done at one 
tune or another, but there are no particulars available in respect to 
the yield of any of them. 

About 800 feet to the south-west of the Enterprise Reef is 
nnother parallel vein, which can be followed more or less 
interruptedly across the surface for about 3,000 feet, and it is quite 
possible that the reef, disappearing beneath the alluvial flat of the 
KulJagine River to the north-west of the Day Dawn Group, may 
Rpresent an extension of it. 

Scottish Chief, G.M.L. 64L. — This is an old abandoned 
tielve-acre lease, adjacent to the Day Dawn Group on the north. 
There are three well-defined though small reefs traversing the 
property, and upon two of them, the north and south reefs, shafts 
We been sunk; these, however, are inaccessible, hence no par- 
tieulars are available. There do not appear to have been any 
crushings recorded from the property. 

Day Dawn, G.M.L. 278 (17l). — Upon this property there 
ajB several well-defined parallel reefs outcropping. The reefs have 
M average strike of north-east, with an underlie of about 40 degrees 
to the south-east. The main reef, viz., that upon which the bulk of 
the work has been carried out, averaged on the surface about two 
^eet in thickness. It consisted of a white, and, in places, very 
ferroginoQs quartz, and is stated by Mr. Inspector Bech^r to have 
wntained very coarse gold. . Mr. Becher not.es that the reef had 
been opened by means of an underlay shaft 45 feet in depth, which 
»i8 also connected with the surface by a vertical shaft of 20 feet. 
A little driving had been done along the reef to the south-east. At 
a later date, 1898, Mr. Inspector Gladstone notes that the shaft 
lud been carried down to a depth of 69 feet, and that driving to 
252 feet had been carried out. No particulars as to the nature of 
the reef underground is to be found in the reports of the inspec- 
tors, which is much to be regretted, as the workings are at the 
present time inaccessible. Only 266 tons of stone have been 
crugiied during the three and a-half years the lease was in exist- 
ence, particulars of which are shown in the table below. In addition 
to these figures, Mr. Becher notes that 18 tons of debris, with 
which the surface of the lease was covered, yielded 18oz. of gold. 
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TcMe shownng the Yield of the Day Damn Beef. 



Tear. 


Ore 

crushed. 


Gold 
therefrom. 


Bate 

per ton. 


Previous to 1897 

1898 


tona. 
17400 
9200 


OSS. 

60000 
102*70 


ost. 
8-46 
111 


Total 


30600 


70270 


2^ 



Day Dawn No. 1 South, G.M.L. 388 (43l).— A twelve-acre 
adjoining that previously described, which was held for a 
little over twelve months and abandoned in December, 1897. Two 
short reefs, one of which may represent the extension of the Day 
Dawn, occupy a portion of the south-western corner of the ground. 
Very little work appears to have been done upon the property, and 
there is no record of any crushings from it. 

Day Dawn North, G.M.L. 418 (62l).— No work of any 
moment appears to have been done upon this lease. 

The Victory Q-roup of leases, only one of which, however, 
is now extant, occupies an extent of country about a mile in length, 
over which several small quartz veins outcrop. 

Victory, G.M.L. 134l. — This lease embraces the greater 
portion of what was originally the Victory Bast Extended, Q-.M.L. 
56l (424 or 99l), Walter's Folly ; the original Victory, G.M.L. 383 
(42l), to which it is desirable the name should be still applied, is 
situated some little distance southwards along the line. Five shafts 
have been sunk upon the lease, and, judging by the condition of the 
dumps, a good deal of work must have been done. None of the 
shafts, however, were accessible to me, and there appear to have 
been no plans of the workings. Mr. Inspector Gladstone mentions 
two underlay shafts, each 135 feet deep, and connected with drives 
from which 172 tons of ore had been crushed for a return of 625ozs. 
of gold, and a main shaft, which at the date of his visit had been 
<;arried down 70 feet. According to the official records of the mine, 
given in the table below, the gold yield seems to have been high. 

Table Bhovnng the Yield of the Victory (East Extended) 
Beef. 



Year. 


Ore 
crushed. 


Gold 
thetrefroxn. 


Bate 
pertoA. 


Previous to 1897 

1897 

1898 

1899 

J900 

1901 


tons. 
12-50 
42*00 

•11600 
Nil 
8900 
25*60 


OtB. 

60*90 
195*26 
888*30 

Nil 

414*36 
181*00 


ozs. 
4*07 
4-65 
8*34 

4-65 
7*09 


Total 


28600 


i;S29'80 


4-31 
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YiCTORY No. 1 East, G.M.L. 5Sl (419).— Known later as the 
New Victory Extended, G.M.L. 70. The reef, traversing the 
adjoining property previously described, extends more or less 
interruptedly along the south-eastern boundary of the lease. It 
bag be^ opened up by am inacce-ssible vertical shaft, of a depth of 
wkich there appears to be no record. There are no returns of any 
enuhings from this lease. 

VicTOET, G.M.L. 383 (42l). — What is known as the main 
Yictory reef traverses the south-eastern boundary of the property, 
though it makes very little show on the surface. An inaccessible 
tmderlay shaft had been carried down, according to Mr. Becher's 
itotes, to a depth of 81 feet, on a quartz reef underlying at an angle 
of 60 degrees, and attaining a thickness of from three to four feet. 
The walls of the reef, as described by Mr. Becher, are " perfect," 
and are made up of a soft, fine-grained, solid, white sandy shale, 
which is stated to harden on exposure. The (utartz is very highly 
coloured by oxide of iron, and, according to Mr. Beeher, showed 
gold freely at the bottom. A vertical shsdPt was being put down at 
a spot 50 feet distant from the mouth of the underlie shaft, 
designed to intersect the main reef at about 80 or 90 feet, but there 
IS no official record as to whether this was accomplished. At the 
time Mr. Beeher was at work in the Nullagine district, a small 
cnuhing of 25 tons of stone from the reef in the inclined shaft is 
reported to have yielded 130ozs. of gold, or at the rate of 5-20ozs. 
per ton of ore crushed. A small trial crushing of a few tons by 
former holders of the property yielded gold at the rate of 3ozs. per 
ton. The official yield of this lease is given in the table below. 

Table showing the Yield of the Victory Beef, 



Year. 


Die 
crushed. 


Gold 


Bate per 
ton. 


Previous to 1897 

1897 


tons, 
7500 
4600 


OZB. 

337-50 
83-60 


OS0. 

4-50 
1-81 


Total 


moo 


42110 


3-48 



Victory Extended, G.M.L. 51l (417). — A small six-acre 
lease adjoining G.M.L. 383 on the south-east, and traversed hv a 
reef which was thought to be the southern extension of the 
yictorj. So far as can be judged, however, it seems probable that 
it is a parallel reef. An underlie shaft had been carried down on 
tbe reef to a depth of 30 feet, when it cut out. The shaft, however, 
^as carried down another 20 feet, at which point a crosscut had 
heen pat in 20 feet to the north, with the object of testing the 
cotmtry, and another crosscut to the south had been commenced at 
the date of Mr. Becher*s vieit. His notes, however, give no par* 
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ticalars as to whether the reef had been picked up below the depth 
at which it cut out. In 1897 22 tons of ore are ofSciallj recorded 
as yielding 63ozb. of gold, or at the rate of 2'86oz8. per ton. 

Marquis, G.M.L. 62l. — A disused and inaooessible shaft is 
situated at a point 13 feet from the north-east angle of the lease* 
and is traversed by a small reef parallel to that in the adjoining 
property on the north. About 100 feet south from the north-ea«t 
angle is a well-defined reef, shown on the geolc^ical map, under- 
lying at a high angle to the north-west, but no work has been done 
upon it. 

There are one or two other abandoned leases and quartz claims 
in the vicinity of Kadjebut Creek to the west of the South Drome- 
dary G, 16. The position of these properties is shown on the 40 
chain lithograph L 76, issued by the Department of Mines. 

GoLDBN Eagle, Q-.M.L. 77l (formerly Alexandra, G.M.L. 
71 l).— A great deal of desultory work has been carried out upon 
what were evidently distinct veins, but all the workings are inacces- 
sible at the present time. According to the official records, small 
crushings from this lease took place annually from 1897 to 1901, 
but although the total quantity of gold, under 500ozs., so obtained 
was small, the average per ton was over four and a-half ounces. 
There would thus seem to have been some very rich shoots met with 
in the course of the work. 



Table showing the Yield of the Oolden Eagle Beef. 



Year. 


On* 


Gold 


Bate 


crashed. 


therefrom. 


per ton. 




tons. 


OE8. 


ots. 


1897 


21-00 


52-50 


2-60 


1898 


57-60 


290-20 


6-04 


1899 


12-70 


79-60 


6-26 


1900 


1200 


64-66 


6-38 


1901 


2-75 


610 


2-22 


Total 


106*06 


402% 


4-66 



BiWABD Claim, 33l. — A small abandoned lease on the eastern 
bank of Kadjebut Creek, and lying about three-quarters of a mile 
to the south-east of the Golden Eagle. An east and west vertical 
reef has been opened up by a shaft which is inaccessible at the 
present time, hence no information as to the character and behaviour 
of the reef underground can be obtained. There appear to be no 
records of any crushings from this property, unless they are included 
under the heading of the yield from sundry claims. 
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The following synoptical table gives the total gold yield of the 
reefs of Nullagine, in so &r as such may be obtained from official 
statistics: — 

Synapiical Table showing the Yield of the Nullagine 
Beefs up to the end of 1904. 



Name of Beef. 


On 
onuhed. 


Oold 
fherafirom. 


Bste 
per ton. 




tons. 


OSS. 


OSS. 


Day Dawn 


26600 


702-70 


2-64 


Fisher's Reward 


20-00 


56-60 


2-83 


Qolden Eagle 


105-95 


492-95 


4-65 


Ghreat Eastern 


170-00 


202-75 


1-19 


Great Eastern Extended 


19000 


224-40 


1-18 


Promise 


8000 


90-00 


300 


Sunrise No. 1 


2800 


14-00 


•50 


Victory 


12100 


421-10 


3-48 


Victory East Extended ... 


285-00 


1.229-80 


4-31 


Victory Extended 


2200 


6800 


2-86 


Total 


l,23Td6 


3,487-30 


2*82 



Auriferous Conglomerates. 

Mining operations have, up to the present, been confined 
eiclusively to the outcrop of the conglomerates and to very limited 
and shallow depths ; but work, however, has been carried sufficiently 
'bi to enable some idea of the conditions governing the gold 
deposition being ascertained. The conclusions to be drawn from 
these data may have some influence upon the practical develop- 
ment of the field. The gold contents of the conglomerate are small, 
not amounting to more than d,217'29ozs. derived from the milling 
of 5,167 tons of ore, or at the rate of '6202. per ton. 

Of the different areas in which the conglomerate has been 
^ked, the largest quantity of gold, so far as may be judged by 
* the official figures, appears to have been obtained from the workings 
HOT embraced by. the Grant's Hill Lease 122l. (vide the plan of the 
NoDagine Conglomerate Gold Mines, Plate II.) The returns from 
thi» demonstrate that 3,483 tons of ore yielded l,780-24ozs. of gold, 
or at the rate of '5202. per ton. 



The auriferous conglomerate, 
be of sedimentary origin, is made 
fragments of the strata identical 
the underlying Mosquito Creek 
conglomerate are marked by the pi 
»nd its oxidation products [fi802» 
oxidised zone of the conglomerate 
ptesent, been carried on. 



which has already been shown to 
up of rounded and subangular 
in character with that forming 
Series. Certain portions of the 
»resence of abundant iron pyrites, 
5606]. It is, however, in the 
that any mining has, up to the 
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Id 1897, samples of the auriferous conglomerate were examined 
in the Survey Laboratory and have been thus described :- - 

" A 8i»ecimen [190] typical of the finer-grained portions of the 
rock in its upper decomposed portions. It consists of subangular 
fragments of quartz, ironstone and shale, cemented ti>gother by 
ironstained kaolin, containing numerous cuboidal cavities at one 
time filled by pyrites crystals, as shown by the numerous pseudo- 
morphs of limonite contained by them. . . . . It assays loz. 

6dwts. of gold A similar but less ferruginous variety, 

[181], showed no cavities vacated by pyrites, and is much coarser in 
grain, some of the fragments of quartz being 8 inches in length ; it 
assays 2ozs. Idwt. of gold per ton."* 

Another variety [192] made up of large pieces of felstone, with 
smaller fragments of quartz embedded in a kaolinic matrix, assayed 
lOdwts. of fine gold and 5ozs. 4dwts. of coarse gold per ton. 

A noteworthy feature in the conglomerate is the occurrence of 
pjnrites and its oxidised representatives. In the unoxidised portions 
[3718, 5801, fi802j the pyrites occurs both as crystals, grains, and 
rounded or pebble-like forms. A photograph of a small but 
characteristic form [8802] is shown in Photograph "0." Some of the 
pyrites nodules measure an eighth of an inch m diameter, though 
from the size of some of the hematite pebbles there must be some 
which reach as much as three-quarters of an inch in diameter. A 
photograph of one of these hematite pebbles [5801] forms Photo- 
graph ** D." 

Considerable interest attaches to the occurrence of these 
rounded pebbles and pellets of pyrites and hematite in that they 
have been held to indicate a detrital character as well as ascribing a 
similar origin to the gold, which seems invariably to be associated 
with the occurrence ot the ores of iron in the conglomerate. 

A radiate fibrous structure can be detected in some of the 
oxidised conglomerates [5801] when the hematite pebbles exhibit 
fractured surfaces. 

In some portions of the conglomerate [100] these hematite 
fragments make up fully one-half of the rock. The gold [1609, SL67] 
in the conglomerate almost invariably occurs in or lining the sides 
of these cavities which have been left by the removal of the iron 
ore. All its characters point to the gold having been left where it is 
now found by the oxidation of the pyrites. 

The evidence, so far as it goes, respecting the origin of the gold' 
in the Nullagine conglomerate seems to indicate that it is a 
secondary, and not an original constituent, and further that the 
primary source of the gold is the quartz reefs which occur in the 
underlying formation. 

From the known occurrence of auriferous quartz reefs, which 
furnished no small portion of the pebbles of certain portions of the 

* Annual Progress Beport of the Geological Surrey for the Year 1897. Perth ; 
By Authority : 1896, p. 48. 
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deposit, it is of course quite conceivaUe that a certain amount of 
detrital gold forms part of the conglomerate, but there are obviously 
no means of ascertaining what is the proportion of primary to 
secondary gold. 

There seems, however, good reasons for believing that by far 
the bulk of the gold, together with the pyrites, was introduced by 
solutions percolating down the most porous portions of the con- 
^merate, this conation being facilitated by the downward inclina- 
tion of the bed-rock, and, possibly, accentuated in part by the 
folding which the strata have imdergone. 

The intrusion of felsite into the lower portion of the con- 
^merate (Plate II.), and the volcanic phenomena of which it 
flamed a part, may possibly have resulted in the formation* and 
cbculation of the mineralising solutions, and also the deposition of 
the gold. 

There is no evidence that the diabase dyke and the fault 
(Plate I.) have had any beneficial effect upon the gold contents of 
the conglomerate, but the fact remains that it is only in that portion 
d the formation lying between these two lines of fracture that any 
gold has hitherto been found. It is also noteworthy that the base 
of the NuUagine Series has onlv proved auriferous in those places 
There it lies upon that portion of the imderlying formation which 
carries auriferous deposits. It may be noted, also, that over that 

Crtion of the formation from which the conglomerate crushings 
^e been obtained numerous dryblowers have been at work for a 
nomber of years, and have obtained a considerable quantity of gold, 
of which the published figures afford no clue, for much of it in the 
earl? days was probably never officially reported. 

Probably one-half of the alluvial gold from Nullagine, shown 
in the figures on page 16, may be legitimately claimed as having 
heen derived from the escarpment of the conglomerate. 

The high assays [190» 191, 193] alluded to are the exception, and 
Jnerely indicate the occurrence of unusually rich shoots in portions 
^the conglomerate. 

No attempt was made to sample any portion of the con- 

terate workings, with the view of arriving at the value of the 
dts, but six samples (which seemed to be characteristic of the 
tjpe of deposit), collected during the course of the fieldwork, were 
Maayed in the Departmental Laboratory, with the following 
results :— 

[5600]. — Grant's HiU Lease 122l. Oxidised Conglomerate in which 
the iron had been entirely leached out. Gold, Cdwts. 
2dgTS. per ton. 

[5601].— Grant's Hill Lease 122l. Oxidised Conglomerate, with 
abundant hematite kernels. Gold, 2dwts. llgrs. per ton. 

[5606].— Dean's Hill, Mineral Reward Claim 6l. Oxidised Con- 
glomerate with hematite kernels (some portions of this 
conglomerate show free gold). Gold, 4dwts. 2grs. per 
ton. 
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[MOdj.-'Freak of Nature, G.M.L. 121l. Pyritous anlphide con- 
glomerate. Gold nil. 

[5803J.— North-west of the Sncceas, G.M.L. 119. Very slightly 
pyritous conglomerate. Gold nil. 

[5604]. — North-west of the Success, G.M.L. 119. Non-pyritous con- 
glomerate. Gold nil. 

To arrive at the value of the deposits, as can be readily under- 
stood, is an exceptionally difficult matter, but the figures of the 
output afford some idea of the yield of those isolated portions 
of the conglomerate which were deemed worth working. 

The records of production of the conglomerates, given in the 
table on an earlier page (p. 26), seem to indicate a general decrease 
in the yield, the latest crushing of 777 tons returning gold at the 
rate 'of '12oz. per ton. 

Fluctuations in the gold yield per ton are, of course, only to be 
expected, but it (^annot be saici that the average of all the crushings 
recorded is any index to the value of the whole of the conglomerate 
series, if worked upon a large scale. It would probably prove to be 
a very low grade, and possibly so low as to render remunerative 
working, unless under the most favourable economic conditions, 
impossible. 

The known occurrence of such an extensive formation as the 
NuUagine Series has proved, by mapping, to be and the fact that it 
has \^n shown to contain considerable quantities of gold in 
localities where the requisite and qualifying conditions for deposi- 
tion obtain, would seem to encourage efforts in the direction of 
carefully prospecting other parts of the basal members of the 
series in the district. 

Such prospecting should be a relatively easy task, seeing that 
it has already been shown that the auriferous portions of the con- 
glomerate have invariably proved to be those which are the most 
ferruginous, hence the search for ironstained conglomerates near 
the base would seem to be the lines upon which such efforts should 
tend. 

The Mines. 

Grant's Hill, G.M.L. 122l. — A considerable amount of bond 
fide work has been done upon the western angle of the lease, as may 
be seen by an inspection of the plan of the Nullagine Conglomerates 
Gold Mines (Plate II.) 

Fairly extensive workings on the south side of the tramline 
which connects with the battery have been carried on in a bed of 
coarse conglomerate, the exact thickness of which does not appear 
to have been determined. The conglomerate (or boulder bed) con- 
tains large boulders of flat-sided quartz, siUceous conglomerate, 
and other rocks occurring in the vicinity. This portion of the 
workings lies in the oxidised zone of the conglomerate which con- 
tains cellular portions from which iron pyrites has weathered out 
[5800]. This sample assayed in the departmental laboratory 
6dwts. 23grs. of gold per ton. 
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The larger portions of the workings, howerer, occur on the 
soathem slopes of Grant's Hill, which lies on the north side of the 
creek which drains the gully in a westerly direction. (Photograph 
•• E.") 

A good deal of ore must have been taken out at one time or 
the other, for the workings extend for some considerable distance 
round the slope of the hills. The larger portion of the work has 
been carried out on a bed of conglomerate, underlying generally 
west-north-west, rising gradually up and along the hillside at an 
angle of about 40 degr^s, and as the plan (Plate II.) and statistics 
show, a good deal of ore roust have been taken out. 

A fault with a very small displacement occurs in one portion of 
the workings, and it appears to be parallel to the main fault 
shown on the geological and mining maps (Plates I. and 11.) 

A thickness of only from three to four feet of the conglomerate 
has been worked. So far as can be gathered from the official 
statistics, the returns from what is now Grant's HiU are pet forth in 
the table : — 



Tahle showing the Yidd of the Orami^s HiU Conglomerate, 



T«tf. 


Ore 


Gold 


Rate 


crashed. 


therefrom. 


per ton 




tons. 


OM. 


OS. 


PreviouB to 1897 


10900 


14700 


1-36 


1897 


Nil. 


mi. 


— 


1898 


27500 


382-85 


1-39 


1899 


46200 


343-26 


•74 


1900 


15200 


70-50 


•46 


1901 


1,36800 


614 58 


•46 


1902 


80000 


128-51 


•42 


1903 


77700 


9410 


•12 


1904 


mi. 


mi. 


— . 


Total 


3,43300 


1,7801)4 
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To what may be called the Grant's Hill conglomerate should be 
added the small crushing of 85*40 tons, which yielded in 1899 
40'70ozs. of gold, or at the rate of *47oz. |>er ton, from what was 
originally known as the Trinity No. 1 South, G.M.L. 422, and sub- 
sequently Grant's Hill South, G.M.L. 68l. 

This old twelve-acre lease adjoined the present Grant's Hill 
lease on its southern boundary, and apparently included the ground 
now occupied by the ."Residence" shown on the plan of the 
Nulla gine Conglomerates Gold Mi ues ( Plate II. ) . The conglomerate 
from which the crushing was taken occupied the crown and the 
north-western slope of the hill lying to the east of the main fault. 
This hill formed a very rich field for dryblowers in the early days 
of Nullagine. 
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This additioaal crashing brinf]^ the total return from the 
Grant's Hill conglomerates up to l,820'94oz8., obtained from the 
milling of 3,518*40 tons of ore» or at the rate of '51oz. per ton. 

Fbbak of Nature, G.M.L. 121l. — What is now the Freak of 
Nature Lease includes the ground originally embraced by the Freak 
of Nature, G.M.L. 208, the Fi-eak of Nature Extended, G.M.L. 21, 
and the Exchange, G.M.L. 18. 

The most easterly working near the eastern angle of Grant's 
Hill was oi-iginally known as Neale's No. 3 Underlay. Work in this 
shaft had been confined to a bed of conglomerate, 3 feet in thickness, 
underlying to the north-west at angles varying from 18 to 20 degrees. 
The late Mr. Inspector Becher sampled this conglomerate, and 
reported the prospects to be " fair." 

It would seem that this conglomerate is on the same horizon as 
that exploited in the adjoining Grant's Hill Lease. 

The next working, on a slightly lower horizon, was known as 
Hewett's Shaft, and a little work was done upon a conglomerate from 
2 feet 6 inches to 8 feet 6 inches in thickness ; from this locality Mr. 
Becher also obtained " fair " prospects. This conglomerate 
appeared to be much more kaolinic than that in Neale's shaft. 

Another shaft, shown upon the plan, had been put down upon 
a conglomerate, on a lower horizon, but no particulars respecting it 
are available. 

There appears to be no record in the statistics of any crushings 
having been made on the old Exchange Lease ; should any have 
been recorded they may be included in the yield from sundrv claims, 
etc. It does not, however, appear from the conditions of the work- 
ings that any very large body of ore can have been taken out. From 
that portion of the present Freak of Nature Lease, which embraces 
the old Freak of Nature, G.M.L. 208 (1l), practically no work 
seems to have been done. 

At a point on the northern bank of the main creek, near the 
north-eastern boundary of the lease, is a cliff of unoxidised pyritous 
conglomerate, which is distinctly banded. 

A typical sample [5802] of this pyritous conglomerate, when 
assayed in the departmental laboratory, yielded, however, no trace 
of gold. 

On the south-eastern portion of the lease, lying to the south of 
the pyritous conglomerate previously described, and in the ground 
originally embraced by the old S-aci-e lease. Freak of Nature Ex- 
tended, a big tunnel (Plate II.) has been put in, upon a boulder 
conglomerate. Judging by the present condition of the workings 
there seems to have been a good deal of work done, and a fairly 
large quantity of stone taken out. Mr. Becher's note-book indicates 
that the result of his sampling was that the prospects were " poor." 

There are no official records of the yield of this portion of the 
property. 
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SirccBss ExTBNDBD, G.M.L. 120i<. — This 24-acre lease embraoes 
part of the old Bejecied, G.M.L. 414, Sucoees, G.M.L. 352, and the 
Freak of Nature, Q-.M.L. 208. It is, however, only in the old 
Sucoess and the Rejected that any mining work has been done. 

The small patch lying between the 80 and 90 feet contours, in 
tihe northern portion of the ground, form the Rejected workings ; 
in reality merely an open work on the outcrop of a bed of con- 
glomerate. « 

OperatioDs, however, have been principally coufined to the old 
Success ground, and the extent of the open-work is indicated on the 
mining |^n which forms Plate II. So far as may be gathered at 
the present time the auriferous conglomerate, which did not differ 
from any of the other auriferous beds, varied in thickness from 18 
inches, to two feet. The table below gives the total gold yield, so 
far as can be gathered from the official figures ; the 547 tons of ore 
crushed were in all probability obtained from this portion of the 



Table Bhowing the Yield of ike 8uceees Extended 
Conglomerate. 





Tesr. 


0i« 1 


Gold 


Bate 




crashed. 


therefrom. 


per ton. 






tons. 


0B8. 


0S8. 


Provio 


US to 1897 


sa-oo 


4200 


1-31 


18»7 




Nil 


Nil 




1898 




SOftOO 


349*25 


114 


1899 




11000* 


11600 


104 


1900 




Nil 


Nil 




1901 


Total 


10000 


3300 


•33 




64700 


539*^5 


-96 



* The 96 tons Tieldint; 34-40oss. from the Cook's Hill workinffs, credited in 
the offieifti retnm to the Success Lease, are not included in this 
total, bat are inolnded tai the yield of H.B.C. 6l. 

Success, Q.M.L. 119l.— This 24-acre lease, as it now standsi 
iaeludes within its boundaries the old Barney's Hill United, 
6.M.L. 276 (upon which most of the work has been done), and a 
portion of the Success. G.M.L. 862. 

The conglomerate worked on Barney's Hill lies at about the 
highest altitude of any of the beds at present opened up, being 
afont 100 feet vertically .above that in Grant's Hill. The workings 
1)6 pretty nearly upon the summit of the hill and along its southern 
dopes; the bed has been stripped along its outcrop for some 
wance round the southern aud western slopes, and a vertical 
shaft 25 feet in depth has l)een sunk, intersecting a drive put in 
along the conglomerate for some distance from the outcrop. 

Over three hundred tons of ore have been raised from the 
Barney's Hill workings. The figures given in the table as being 
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the jield of the present Success Lease were derived from ore 
obtained exclusively from the Barney's Hill workings. 



Table showing the Yield 


of the Succeee Conglomerate. 


Tear. 


Ore 
oraahed. 


Qold 
theraftroxn. 


Bate per 
ton. 


Previous to 1897 

1897 

1898 


tone. 

80-00 
24600 

1200 


OZB, 

10015 

22800 

2310 


OB8. 

1-26 

•92 

1-92 


Total 


3381K) 


351*25 


1*03 



Barney's Hill No. 1 North. G.M.L. 24l (330).— This six- 
acre lease, which was abandoned in 1897, embraces the workings 
(Plate II.) lying near the western angle of G-.M.L. 119l. Opera- 
tions hare been confined to a bed of very coarse ferruginous 
conglomerate, containing very large ellipsoidal boulders. At a 
slightly lower level on the north side of a gully flowing southwards 
from the south-west angle of G.M.L. 1I9l is a vertical shaft, 50 
feet in depth, in which five or six feet of water were standing. 
This shaft, which was inaccessible, had been carried down through 
conglomerate of the usual type, and, judging by the material at 
grass, it contained a little pyrites. A characteristic portion of the 
pyritous conglomerate [5803] yielded no gold on assay in the official 
laboratory. 

The only returns from the Barney's Hill United Lease appear 
to have been previous to 1897. when a small crushing of 20 tons 
yielded 25ozs. of gold, or at the rate of l'25ozs. per ton. These 
figures indicate that portions of the conglomerate, in this part of 
the field, are auriferous. 

Mineral Eeward C'Laim, 6l. — ^This Reward Claim, which 
comprises an area of 320 acres, includes within its boundaries the 
old leases :—G-olden Crown, G.M.L. 365 (31l) ; Beaton's Hill, 
a.M.L. 373 (37l) ; Cook's Hill, Q.M.L. 412 (47l) ; Rejected No. 2. 
G.M.L. 416 (50l) ; together with parts of Golden Promise No. 1, 
G.M.L. 67l, and Central No. 1, G.M.L. 69l. 

Near the easternmost angle of G.M.L. 119l, and to the north 
of Dean's Hill, are a series of extensive workings upon what was 
originally tbeGoldea Crown G.M.L. 365, at an altitude of over 200 
feet above the low ground at the base of the formation. All the 
ground on the flanks of the hill below these workings has been 
dry blown, and, durinjj Mr. Inspector Becher's term of office, the 
average winnings from this source are stated to have amounted to 
about ISdwts. per man per day. The conglomerate, which lies in the 
locality practically horizontally, is of the usual ferruginous type, 
containing large pellets of hematite. A typical sample of this 
highly ferruginous variety from the open-work [5808] assayed in the 
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departmental laboratory ^id at the rate of 4dwt8. 2gr8. per ton. 
The total returns from the Golden Crown workings, as shown in 
the table below, gives the jield as 189-90oz8. obWned from the 
milling of 223*60 tons of ore, or at the rate of '84oz. per ton. 

What is known as the Cook's Hill workings are situated due 
ttst of W.B. 2l. Cook's Hill is said to hare derived its name 
from Mr. Nat. Cook, who is credited with being the first discoverer 
of gold at Nnllagine in 1886. A good deal of work must have been 
done at one time or another, but as operations have been abandoned 
for some considerable time there is little to be seen. 

Bj far the larger portion of the hill appears to have originally 
been covered with a gritty and ferruginous sand (the residual 
decomposition product of a sandstone) underlaid by a kaolinic 
deposit which carried waterworn boulders. It is noteworthy that 
while the material from the hill Was being crushed several small 
diamonds were met with in the battery boxes ; reference however 
vill be made to this subject on a later page. The Cook's Hill 
deposit lies not very far from the base of the Nullagine Series. The 
yM returns* from the Cook's Hill workings, as shown in the table 
below, give the yield as being llO'lOozs. obtained from the milling 
of 348 tons of ore, or at the rate of '40078. per ton. In this return 
in effort has been made to credit Cook's Hill with the yield 
ichially obtained from the ore raised.* The return from 
the Dmmond Reward Claim, M.B.C. 6l, as shown in the general 
table at the end, is really the result of the ore obtained from the 
Cook's Hill workingfe, and there seems to be good reason for 
believing the 1899 return from the Success Lease 27l includes 
96 tons of ore from this same source. This latter yielded a return 
of 34'40ozs. of gold, or at the rate of '36ozs. per ton. The workinjjs 
on Beaton's Hill, which lie to the west of those last described, 
tbe hill upon which work has already been carried out, comprises 
•bout four acres, and is covered by a deposit of laterite stated to 
be about ten feet in thickness. Beneath the laterite occurs a more 
or less variable thickness of almost horizontal beds of sandstone and 
tooglomerate. The bed which was worked lies near the base of the 
tol and is said to rest directly upon a bedrock of slate, and the 
p>Id is said to have been traced thereto by the alluvial workers in 
tile adjacent gully on the north. 

Two shafts, now inaccessible, have been sunk to depths stated 
to be 35 and 40 feet respectively, and levels driven therefrom. 

Mr. Beaton, one of the original holders of the ground, and after 
«hom the hill is named, is stated to have worked a considerable 
distance in under the hill, and to have taken out a large quantity of 
gold by crushing the material roughly by hand, screening it, and 
eluicing it at the river. There appears, however, to be no oflBicial 

•The late Mr. Beoher's note-bookg, 1896, state that *' since first worked Cook's 
Hill ha« yielded about 4,000ozb. of ffpld." There is no reison for doubting 
tlie accmacy of this statement, but it is quite clear that this amount has not 
been offidallj recorded in the statistics, and may possibly never have bei?u 
reported to the Oovemment. 
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record of the yield from the old Beaton's Hill Lease, and in all 
probability any returns therefrom have been included in that from 
sundry claims.* 

Table showing the Yield of the Conglomerates of the Mineral 
Beward Claim 6h, 



Tear. 


Name of Lease. 


Ore 

crushed. 


Gold 
there- 
from. 


Bate 

per ton. 


Total 

Ore 

crushed. 


Total 
Gold 
there, 
from. 


rate 
per ton. 


FroTionsto 

1897 
1898 


Qolden Crown, G.M.L. 81l 

Do. do. ... 

Cook's Hill, a.M.L.47L... 
Do. do. ... 
Do. do. ... 


tons. 1 ozs. 

sa-eo 1 50-90 

19r00 j 189-00 


OSES. 

1-56 

•72 

1-19 
•36 
-M 


tons. 
228-0O 
348-00 


OSS. 

189-00 
140-10 


OlS. 

•84 
•40 


1898 
1899 
1900 


82-00 1 26^30 
96-00 31'40 
230-00 1 79-40 












Tot 


al ... 




971*60 


8W00 


40 



Golden Promise, G.M.L. 380 (39l, and subsequently Golden 
Promise No. 1, 67l.) — The abandoned workings upon what was 
originally embraced by this lease are coterminous with the north- 
western ix>undary of the Minoral Reward Claim, 6l (Plate I.), and 
at an altitude of about 180 feet above the general level of the 
plains. A vertical shaft, 20 feet in depth, had been put down 
through conglomerate and intersected the open-works at a lower level. 
The auriferous portion of the conglomerate was a ferruginous band 
varying from 15 inches to 2 feet in thickness. 

The following table gives the yield of Ihe crushings : — 

Tithle showing the Yield of the Golden Promise 
Conglomerate. 



Year. 


Ore 

crashed. 


Gold 
therefrom* 


Bate 
per ton. 


1897 

1898 

Total 


tons. 
84 00 
88 00 


OSS. 

68-66 
81-20 


on. 
•81 
•92 


17200 


149^85 


•87 



Sundry Claims from the District generally. — In 
addition to the returns given above in connection with sundry claims, 
which it is imjiossible to specif v individually, there have been 
recorded over 6,000oz3. of g>ld. These figures are given in such 

* The late Hr. Becher's note book, 1896, states :— " Betarn, September, 1806. 1 ton, 
jieldinf? 2ozs. 2dwt8. 12Rrs. Since Beaton's Hill was first worked it has yielded 
about 3,000oz8. of gold." This amount does not appear to have been officially 
recorded in the statistics, and may possibly never have been reported to the 
GoTemment. 
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dstail as is possible in the table below. There are, however, no 
means of ascertaining what proportion of these figures are to be 
credited to that portion of NuUagine embraced bj the geological 
map (Plate I.) ; it is. howerer. possible that thej include returns 
^m the Elsie, Mosquito Creek. Nullagine, and 20-mile Sandj, 
▼hich centres are included in the " Nulkgine District/' as defined 
hj the Minee Department. 

T<Me shewing the Yield from Stmdry Claims, 
Nullagine. 



Tear. 


Ow 
orash«d. 


Gold 
therefrom. 


Bate 
par ton. 


1807 

1808 

1800^ 

1000 

1001 

1002 

1008 

10O4 


tons. 
100-00 
02-00 

1,066-70 

1,008-60 

248-25 
208-05 
14500 

830-65 


OES. 

148-65 

218-00 

C 2,60505 

I ^88-45 

( 2,483-80 

i •ll-OO 

886-54 

343-67 

600-30 

( l,308-65t 

I •23-75t 


on. 

1-48 

282 

2-52 

2-41 

1-85 

1-17 

•41 

l-57t 


Total 


3,78615 


8,158-16 


216 



•Speoibnens. 



t Fine oss. 



Diamonds. 

The occurrence of small diamonds at Nullagine having been 
brought under the notice of the Government, a report was obtained 
on the subject by the then Premier from Mr. Fred. P. Groom iu 
the year 1896.* From Mr. Groom's report it appears that the 
greater number of the most valuable diamonds were washed out of 
the conglomerate forming Brook's Hill, which was being treated for 
gold, and others were found in the stamper boxes after crushing a 
few tons of the conglomerate. Mr. Groom states : '' There is no 
doubt, in my opinion, that the diamonds are enclosed in the 
oonglomerate, . . . and such as have been found by diggers in 
washing for gold have been released by the gradual decay of the 
rock ... On the last day of my stay in Nullagine, I was present 
at the cleaning up of the battery after crushing about two tons of 
itone taken from the hill . . . On carefully panning off the gravel 
left in the stamper boxes nine small stones were found, varying from 
the size of a pin's head to a pepper-corn, or from ^V *^ a carat in 
weight. I put the lot into the scales, they weighed 1^ carats, and it 
took the four largest to weigh one caiat. I was informed that 

* Beport of a rimt to Nullagine, Pilbora District, to examine the countrv reported 
to be diamond-yielding. Appendix 4. Beport of the Department of Mines for 
the Tear 1895. Perth : By Authority. 1896, p. 27. 
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Mvi Brooks found one diamond for which he obtained ^£76, another 
he sold for <£28. These, with one other, valued by the finder at J812, 
were all t)ie diamonds I could hear of as havinfs^ bt^en of any value ; 
the last-mentioned stone was described as bein^ bright yellow." 

During the course of my examination of the district no 
diamonds came under my notice, there are, however, in the collection 
nf the Western Australian Museum (a,) four small diamonds 
presented by Messrs. Brook Bros, in 1896, and (6.) foiu* small 
diamonds taken from the battery boxes when cleaning up a crushing 
of conglomerate, one from Cook's Hill, presented by Mr. Inspector 
S. J. Becher in 1896. The returns of a crushing of 230 toos of 
conglomerate from the Mineral Reward Claim 6l in 1900 show, in 
addition to 79'40ozs. of gold, twenty-five small diamonds, the 
value of which, however, is not stated. From the particulars given 
above it seems perfectly clear that the presence of diamonds in the 
conglomerates near the base of the Nallagine Series is authentic. 
The occurrence of such renders it possible that they are not isolated 
instances, though the interest is at the present time more scientific 
than commercial. 



Tabi 



Name oT Lease. 



Number of Lease. 



Marble 

Bar 
Number. 



L. 
Number. 



Ownar. 



Remarks. 



Diy Dawn 

Do. No. 1 
Do. North 



lUia^ Reward 

57 Aftin 

Tiefeciy 

^ Do. Bxfended 

Golden Eagle .. 

Da No. 1 E. 



Bast Bxtd. 



Vldoiy 

Wslter-s Polly 

VlHoiy 

SuniiK No. 1 
Snnrtae 

Oi SMtem No. 1 
Gl iMtem Sxtd. 
Gnat fisstem 
Do. No. 1 

BeoMtah Chief 
Interprise 



278 



418 
831 



383 

417 



419 



424 



429 
480 
423 



17 
43 
52 
26 
66 
06 
42 
51 
77 
53 



56 

99 

134 
62 
67 
58 
56 
61 
69 
72 

64 

76 



Doherty and Party 

J. Isdell 

! Do 

1 Farley & White 
> Fisher & Martin 
; Walters NIohoUs 
I Geo. Holcombe 

' Do 

I Johns & Smythe 
! Boyer, Ahern, etc. 



W. Extd. Volunteer 
Pros. Association 
Alfred Royer .. 

Aikman & Qiles 
Maher. Wlberg, etc. 
Turner & Travis 
Aikman & Iliggs 
Garland & McKenna .. 
Doherty & JenUn 
Isdell, McKenna, etc. 
Isdell, Connolly. Hol- 
combe 
Eatch, Townaend, etc. 
JenUn, Garland, etc. 



Abd., 14/8/99 
Abd., 24/12/97 
Ftd., 24/12/97 
Surr., 19/7/97 
Abd., 31/3/97 
Abd., 21/4/97 
Surr., 3/6/96 
Surr., 3/6/98 
Late 71L, Alexandra 
Ftd., 9/4/97. Later 

70L, New Victory 

Extended 
Ftd., 14/7/99 

Voided, 6/9/01. Late 

56L 
Late 99L 
Ftd., 26/6/97 
Abd., 18/1/97 
Abd., 29/1/97 
Abd., 18/9/96 
Abd., 19/1/99 

Abd., 1/12/97.* Part 

In 76L 
Abd., 20/1/97 
Ftd.. 13/10/99. Part 

of 40L 

Total .. 
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57 
B.-WABRAWOONA* 

{With a Geological Sketch Map and three Mine Plane,) 

General Geology. 

The mining centre of Warrawoona iiee about 15 miles from 
Marble Bar, and embraces the south-eastern extension of that belt 
of auriferous rocks which form the Marble Bar, Yandicoogina, and 
UouDt Elsie Zone, to which reference has been made in a preTious 
report.* 

The district of which Warrawoona is the centre is formed of a 
loftj serrated razor-backed ridge (with several minor parallel ones) 
trending generally north-west and south-east. It is upon the 
southern slopes of the main ridge, and what perhaps may be con- 
veniently called the foothills, that all the auriferous quartz reefs 
occur. The general trend of these ridges has been determined by 
the outcrop of the siliceous rocks of which they are everywhere 
made up. 

Several important watercourses occupy the longitudinal valleys 
(carved out of the softer strata) between the different ridges, whilst 
those creeks which breach them almost at right angles to the 
general strike of the schists afford many excellent sections. They 
thus shed light upon many obscure points in connection with the 
geological features of the district. The plateau which extends for 
miles on either side of what may be called the main axis owes its 
relatively smooth and rounded contour to' the general homogeneity 
and practically equal weathering of the rocks by which it is under- 
laid, e.g., granite, etc. 

The geological formations of the area embraced by the Geo- 
logical Sketch Map of Warrawoona (Plate III.) are represented by 
a series of sedimentary rocks, quartzites, and conglomerates, many 
of which have been converted into quartz schist, mica schist, etc., 
by dynamic agencies. Associated with these undoubted sedimen- 
tary strata are a series of igneous rocks which have likewise been 
rendered partly schistose by the same causes. The exact relation 
these igneous rocks bear to the sedimentary series has not been 
worked out. a problem which would perhaps be difficult in this par- 
ticnlar portion of the district. The southern portion of the district 
is occupied by granite, which appears to have been brought into 
position by a fault, trending generally north-west and south-east. 

Somewhat akin to the southern granitic mass are those dykes 
and masses of felspar- porphyry which occupy the northern limits of 
the map ; in all probability these latter have some intimate con- 
nection with the lar^^e area of granite which occupies the country to 
the north of that embraced by the Warrawoona Map. There seems 
however to be strong reasons for believing the graniie to be intrusive 
into what may conveniently be termed the schists, and that portions 
of it have been affected by earth movements of varying degrees of 
intensity after the intrusion took place. 

• BnUeiin No. 15, p. 38 «t Mq. 
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In addition to these rocks, the field is traversed by a remarkably 
peruistent series of north-west and south-east greenstone dykes. 
These dykes, which have been mapped with some degree of accuracy, 
traverse the centre of the aunferous portions of Warrawoona, 
approximately at right angles to the general trend of what may be 
called the auriferous zone. Besides these relatively newer greenstone 
dykes, there are others which are intimately associated with the 
older rocks of the district. These older dyke rocks are often rudely 
cleaved and foliated, and seem to occur in intimate connection with, 
or parallel to, the principal structural lines of the district, viz., 
north-west and south-east. These older cleaved or foliated dykes 
can be seen in many places to be pierced almost at right angles to 
their general trend by the newer or uncleaved series. 

Within the area embraced by the map, there is a large develop- 
ment of those laminated or banded quartz veins which form such 
conspicuous features in this district. These, owing to their economic 
importance, have been laid down upon the map with a considerable 
degree of accuracy. One conspicuous band traverses the whole 
lexi^h of the district, viz., six miles, and forms the centre of the 
main auriferous zone, which latter is of considerable longitudinal 
extent, though averaging only about 20 or 80 chains in width. 

Of the different rocks occurring in the Warrawoona area, not 
much can be said, in the present state of our knowledge, of their 
relative ages, nor their true position in the geological time scale. 

The following is a list of the various rock groups arranged in 
tabular form:— - 

Warrawoona Beds. Aee (a.) Altered Sedimentary Series (qnartzites, 
ondetermined (PArch- oonglomeratee, quartz, and mica- 

ean) schist, etc.) 

(&.) Metamorphic Igneous Bocks (green- 
stone, magnetite, and serpentinoos 
schist, and more or less allied sheared 
basic igneous rooks) 
Granite and Felspar Porphvry. 

Basic Dykes (a.) Newer 

(fc.) Older 

Warrawoona Beds. 
The strata of the Warrawoona Series form part of that 
auriferous zone which includes Marble Bar, Yandicoogina, and 
Mount Elsie, and to which reference has already been made in a 
former report.* In the Warrawoona neighbourhood, however, 
much better opp«:)rtunitie8 for investij?ating the strata present 
themselves than in any other portions of the district yet examined. 

An examination of the district, which is of great importance by 
reason of its gold yield, shows that the Warrawoona Beds can be 
separated into two distinct portions sharply differentiated from 
each other, viz., an acidic and a basic series. The acid series is 
made up of highly siliceous beds, dipping at varying angles to the 

« Bulletin No. 15, p. S3 «e $cq. 
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north-east and trending generally north-west and south-east. The 
beds, which there are very good reasons for believing to be of 
sedimentarj origin, consist of fine-grained fiaggy qiiartzites, 
sheared conglomerates which still retain traces of their original 
character, mica and quartz schists, together with certain other 
fine-grained siliceous rocks which seem to have lost all trace of 
their original character. There are, in intimate association with 
these, certain other acidic rocks, which may eventually prove, on 
closer examination, to be highly-sheared felsites ; it has however 
not been found possible, owing to the small scale of the map, to 
delineate the area over which these doubtfully acidic igneous rocks 
extend ; it is, however, but small. 

In hand specimens, this doubtful rock [5788] is in reality a 
quartz-sericite schist, with eyes or lenticules of a fairly soft 
miDeral around which the finer foliation of the matrix sweeps in 
very graceful curves. The mineral forming these eyes has been 
examined both chemically and microscopically by Mr. E. S. 
Simpson, who reports that " they appear at one time to have been 
smgle crystals of probably potash-felspar, but are now completely 
altered into a mixture of kt least three minerals, viz., free quartz ; 
a non-hydrous crystalline silicate of alumina, probably andaiusite ; 
and a hydrous silicate of alumina and alkalies, probably a mica. 
The specific gravity of these * eyes ' is variable but averages 2*86. 
Their average composition is : — 

blHca, SiO, 760 

Alumina, A1,0, 21*4 

Feiroas Oxide, FeO -3 

Lime,CaO NU 

Magnesia, MgO Trace 

Potash, K,0 -4 

Soda, Na,0 -3 

Combined Water, H,0 16 

100-0" 



Examined under the microscope these porphyritic crystals are 
fomid to be shattered and broken, and their edges present that 
peculiar peripheral granulation so characteristic of crystals and 
fragments which have been subject to intense crushing. A 
micro-photograph of one of these shattered and broken crystals forms 
Fig. a, Photograph •* H " (facing page 72.) The matrix in which 
the larger crystals are embedded presents a fine mosaic of quartz, 
felspar, and a little sericitic mica through which are streams of 
numerous yello wish brown crystals. These crystals which occur in the 
form of short, and sometimes geniculated, pear or kite-shaped prisms, 
with straight extinction under crossed nicols, are in all probability 
nitile. It is difficult, with the evidence at present available, to be 
sure of the exact nature of the original rock, but it may possibly 
have been produced by the crushing of a felspar porphyry. 
Unaltered felspar porphyries do occur in the country just to the 
north of this, nence it is possible that this rock may be merely a 
transmitted variety of them. 
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The specimen, a quartz sericite schist [8700], is another varietj 
of a rock identical in many respects with that last described, except 
that there are no large porphyritic crystals. Streams of rutiie are 
common, in addition to numerous colourless acicular crystals of 
what seem to be apatite. 

A quartz schist [9761 i from near the Ironclad Battery, M.A. 1, 
consists microscopically of a mass of irregular interlocking grains of 
quartz, with irregular patches arranged in the form of bands, of 
what under crossed nicols is neither more nor less than a fine quartz 
mosaic. The quartz exhibits undulose extinction. A little sericitic 
mica occurs in places. 

Another quartz schist [5762] from a different portion of the 
mass, when examined under the microscope consists of a very fine- 
grained mass of quartz, showing undulose extinction, together with a 
little sericitic mica, the f olisB of which are often very much distorted. 

A fairly fine-grained quartzite [5764] which under the micro- 
scope is found to contain numerous fairly large angular and sub- 
angular quartz grains set in a much finer-grained quartz mosaic. 
This rock contains numerous brown patches and strings of mica (?) 
together with a little pyrites. 

Associated with these quartzites and quartz schists is a very 
calcareous rock [5765] which outcrops near the Ironclad Battery. 
In hand specimens the rock is of a pale salmon colour, is distinctly 
banded, weathers very much like a limestone, and effervesces briskly 
upon the application of dilute acid. An analysis of this rock is 
given in the table on page 66. Very little can be made out by 
microscopic examination, even with a j-inch objective, and it is not 
quite clear whether the rock is a limestone or merely an extreme 
phase of the alteration of one of the igneous rocks of the district. 
The field relations however seem to ix)int to its being distinctly 
interbedded with the quartzites and quartz sericite schists. 

A short distance north of the Seven Dials, just outside the 
limits of the geological map, is a conspicuous hill forming the 
western extremity of a bed of met amorphic grit (or quartzite) and 
conglomerate, dipping at angles averaging about 50 degrees to the 
north-east; the quartzite rests upon greenstone schist, and has 
been affected by the same foliation which affects the latter. The 
quartzite is traversed by bands of laminated quartz of the type pre- 
vailing in the district. Most of the pebbles in the conglomerate are 
flattened out almost beyond recognition, though in some places they 
are well shown on the weathered surface of the rock. 

Among the quartz schists which form the summit of what may 
be called the main range of Warrawoona is a bed which here and 
there contains what at.first glance appears to be fossil wood [5766]. 
A characteristic specimen of this silicified wood (?) has a length of 
about 4^ inches ; cross sections of it are ellipsoidal in shape, the 
major axis being about three-quarters, and the minor axis about 
five-eighths of an inch in length. Microscopical sections both 
transverse and longitudinal were prepared, and were submitted 
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along with the spedmen to Mr. Etheridge of the Australian 
Miueam, Sjdnev, who was miable to detect any trace of organic 
fltnictare in them. It is, however, quite possible that the dynamic 
metamorphism which these rocks have undergone may have entirely 
obliterated all traces of organic structure, and that some form of 
plant life existed at the time these beds were deposited. 

Adjoining Lease 479, the Juneau, is a schist forming part of 
the main series which presents many points of interest. 

In hand specimens the rock [5787] is of a very light brownish 
colour, and is distinctly foliated. In addition to quartz, which 
forms no inconsiderable portion of the rock, there are numerous 
elongated crystals of a clear glassy mineral, the cleavage faces of 
which are very distinctly marked, and which give a distinctive 
character to the rock. Under the microscope the rock is found to 
be made up of clear and unaltered fragments of felspar, very few 
of which however are twinned, quartz polaiising in brilliant 
colours, a little colourless mica and a reddish brown substance, 
which may result from the alteration of some mineral rich in iron. 
The rock is clearly a felspathic schist, the field relations of which 
point to its being of clastic origin. 

The greenstone schists and other allied rocks of Warrawoona 
occupy a large area of country, and vary very much in the width of 
their outcrop. It is of course possible that this may in part be 
due to differences in the folding (?). A feature in the physical 
structure of the greenstone schists which may have some signifi- 
<ance is what may be called an anticline of foliation, the centre of 
which trends generally in the same direction as the main structural 
lines of the district. This is well exposed at a point a little distance 
to the south of the Gkiuntlet No. 3 North- West Lease. 

A very important feature of these greenstone schists is the 
presence among them of unfoliated basic rocks, which sometimes 
occur in the form of lenticular belts of (in certain places) con- 
siderable horizontal extent. Several excellent sections in the district 
show these basic rocks passing by scarcely perceptible gradations 
into the greenstone schists. 

It is possible that as the strike of these belts of massive basic 
rocks more or less coincide with that of the general foliation of the 
district, they may occasionally be mistaken for some of the older 
basic dykes, which have a parallel strike. 

In one or two localities are belts of magnetic-schist, in the 
centre of some of which are uncrushed " eyes " (of large dimen- 
sions) of greenstone occurring in such a way as to indicate that the 
margins only of the mass have been crushed down into schist. 
Many of these schists contain very large quantities of magnetite, 
such as give a very distinctive character to the rock. 

The foliated or sheared greenstones on the Gnuntlet Lease 
contain large brown crystals [6707], a combination of cube and 
octahedron of iron ore, viz., limonite pseudomorphs after pyrites. 



Maaj of these crystalB are about an inch in length. In other 
portions of the field, the surface of the unfoliated greenstone is 
strewn with similar limonite crystals. Some of the greenstones 
are very much decomposed, and some of the constituent minerals 
are lai^ely replaced by carbonates, giving the rock a very charac- 
teristic weathered surface at first sight, verj BUggestive of the 
weathered surface of some limestone. 

The chemical composition of several of these greenstones and 
their allies is given in the table of analyses, pa^^e 66, 

In mineralogicai constitution the rocks present very many 
points of similarity. 

The country rock [5755] of the Golden Gate Reef is a soft 
green talcose-chloritic scnist, the chemical composition of which is 
shown in the table on page 66, The crystals of talc which are often 
of considerable length, have been as may be seen under the micro- 
scope, broken and torn apart by the stresses and strains to which 
the rock has been subject. The exact relation of this schist to the 
surrounding greenstone cannot be precisely determined, as access 
to the underground workings of the mine was not obtainable. 

The rock [5777] which forms the matrix of the Imperialist 
Beef is a fine-grained talc-chlorite schist, identical with that of 
the Golden Ghite. The analyses of the two rocks present also 
many points of similarity. 

The Tom Thumb Beef is enclosed in a fine-grained chlorite 
schist [5756] which, when examined under the microscope, is found 
to be made up of quartz, felspar, chlorite, and epidote (?). The 
chemical composition of this rock is given in the table on page 66, 

The couutry rock [5768] forming the matrix of the May-be 
reef is of a somewhat similar character, and, as its field relations 
indicate, owes its origin to the compression of a massive greenstone. 
Its mineralogicai constitution does not appear to differ in any very 
essential feature from the other schistose greenstones ; its chemical 
composition is given in the table quoted above. 

The Gauntlet Lease is traversed by a band of chlorite schist 
[6779] in many respects identical with that forming the Tom Thumb 
Reef. The chemical composition of this rock agrees very closely 
with some of the massive diabases of other portions of the field. 

At a point about 10 or 12 chains to the north-east of G.M. 
Leases 531 and 598 is a lenticular mass of a serpentinous rock 
[5767], the chemical com|X)sition of which is set forth in the table of 
analyses on page 66. The mass has a length of about 20 and a 
maximum width of about five chains, whilst its longer axis is in a 
direction of north-west and south-east, parallel to the main 
structural features of the district. 

A very large quartz reef outcrops in the centre of the muss, 
but does not extend into the surrounding rocks. The serpentine is 
enclosed in the mass of acidic rocks, but in such a condition that 
its original condition is not quite clear ; there seem, however. 



grounds for belieying it to have been brought into its present 
position bj a fault. 

The massive greenstones vary very much in grain ; they all 
contain more or less hornblende (sometimes fibrous) and its altera- 
tion product chlorite, quartz, felspar, and calcite, together with an 
iron ore. Some, however, are very calcareous, and effervesce briskly 
on the application of acid. 

Detailed petrographical examination of all these rocks has not 
jet been made, but it is hoped to approach this subject at a later 
date, as opportunity offers. 

Granite and allied Granitic Rocks. 
The granite, which is of the normal type, occupies a rudely 
triangular patch on the southern boundary of the map, about 200 
chains in length and about 40 chains in maximum width. It, 
however, extends for many miles far beyond the limits of the map. 
There seems good reason for believing that the granite is intrusive 
into the greenstone schists, though its northern boundary, to the 
south of the Imperialist Beef, is marked by a fault. 

The exposure on the hillside, a plan of which forms Fig. 5, 
reveals the relationship of the granite and greenstone schists to 
each other. 

Pig. 5. 
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In this section the greenstone schists abut sharply against a 
smooth wall of granite, which is inclined at an angle of from 45 to 
55 decrees to the north, this angle being practically coincident with 
the dip of the foliation planes of the schists. A few inches of 
schist separate an aplite dyke of four feet in thickness from the 
nwin granite mass. The dyke traverses the schists in a direction 
almost at right angles to their general strike. A quartz reef 
occurs along the faulted junction some distance east of this point, 
in close proximity to the newer greenstone dykes, which traverse 
the centre of the field. There is no very clear evidence of a marked 
handing or foliation in the granite anywhere in the southern 
portion of the district. In that large granite mass on the north, 
just outside the limits of the map, it possesses a rude foliation or 
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banding, which is parallel to the general strike of the foliation of 
the schists forming the higher ground to the south. 

Whether this banding has any connection with the general 
foliation of the district, or is an original feature of the granitic 
magma, has not been satisfactorily determined. If this banding in 
the granite is not an original feature, then it would seem to indi- 
cate that both it and the Warrawoona beds were subject to the 
same set of stresses and strains which were set up in the interval 
separating the beds of the Nollagine from the older series. 

The north-east angle of the map is made up of f elspar-porphyrj 
[5782] sometimes occurring in the form of dykes. The rock, when a 
freshly broken and unweathered surface is examined, is found 
to be of a grey colour, with numerous crystals and fragments of a 
cloudy white felspar (some of which show twinning) set in a fine- 
grained matrix. 

Examined under the microscope, the rock is found to be made 
up of a micro-crystalline ground mass of quartz, together with a 
small proportion of orthoclase, in which are embedded large crystals 
and fragments of felspar but no quartz. A relatively large quan- 
tity of biotite of a brownish colour occurs in many cases, arranged 
in bands which sweep round the porphyritic felspar in a manner 
paralleled by the flow structure developed in some volcanic rocks. 
The brown colour of the mica often passes gradually into a bright 
green, the result, probably, of alteration. The porphyritically 
developed felspar has not been optically determined, but the 
characteristic cross-hatched twinning in some parts would point to 
its being an orthoclase. The relatively large proportions of lime 
and soda as disclosed by the analysis [S782] shown in the table on 
page 66, would seem, on the other hand, to indicate that the 
felspar belongs to the lime-soda series. This felspar-porphyry is 
practically identical in its character with the Duffer's Creek 
porphyry referred to in the analysis [5393] of the rocks from Pilbara,. 
on page 12 of Bulletin No. 15. There are few if any large porphy- 
ritically developed felspars in this latter rock, which perhaps may 
be held accountable for the smaller percentage of potash and lime, 
as shown in the analysis ; in all other respects the two rocks are 
identical. 

There does not seem, so far, to be any intimate relationship 
subsisting between this porphyry and the main granite mass, as 
developed on either side of the main axis of Warrawoona. The 
fact that it shows no signs of even a quasi-foliation, which charac- 
terises some i)ortions of the granite, would seem to indicate that the 
porphyry is of later date than the granite. It may, perhaps, have 
some connection with the volcanic activity which prevailed during 
the period of the deposition of the NuUagine Series. 

The geological age o£ the grajiite cannot, as yet, be exactly 
determined ; it is, certainly, newer than the Warrawoona Beds, into 
which it is intrusive. The granite passes beneath the Nullagine 
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Series, which the evideace* so far arailable seems to poiat to being of 
CamhriaD Age ; in this case the granite would be Pre-Oambrian. 

Bade Dykes. 

The basic dykes of Warrawdona belong to two different 
periods; the district, however, furnishes no satisfactory evidence as 
to the exact age of each set. 

The newer basic dykes traverse the while width of the field in 
a general north-east and south-west direction, and extend for very 
many miles to the north and south of the country examined. The 
Bjstem of newer dykes intersects the auriferous belt betw€)en 
the Bow Bells and the Gauntlet groups of reefs almost at right 
angles to the general trend of the series. In no case do these dykes 
attain any great thickness, and their breadth varies greatly in 
different parfcs ; the thickness, as shown on the Geological Map of 
Warrawoona (Plate III.), has been somewhat exaggerated, in conse- 
quence of the small scale employed. Such few cross sections aa may 
be seen of them indicate that they approach very closely to the 
vertical. 

The rocks of which they are composed are basic compounds, an 
attalysis of the most typical [5773] is shown in the table on page 66. 

In hand specimens these dyke rocks vary from coarse to medium 
grain, and are seen to consist of a greenish grey felspar, together 
with a ferro-magoesian constituent and an iron ore. Under the 
niieros(x>pe the rock is found to consist of allotriomorphic crystals 
of a plagioclastic felspar, many of which present that turbid mealy 
aspect 80 characteristic of alteration, together with brown or almost 
coloorless augite, and a little enstatite (?) passing into bastite (?). 
The place of some of the augite is taken by a pale green fibrous 
decomposition product which may be chlorite. The iron ore, which 
h often represented by skeleton crystals, is probably ilmenite. The 
rock is therefore a diabase. 

The regular continuity of the system of dykes has been inter- 
rupted in the vicinity of their intersection with the auriferous series. 
Prom the position in which this interruption occurs, it would seem 
that these newer dyke rocks had undergone considerable movement 
since their injection. The somewhat curved and distorted fragments 
or isolated patciies all point to a serieii of later movements along 
lines parallel to that of the main trend of the auriferous belt of 
Warrawoona. 

The older series of dykes have a general trend approximately 
at right angles to that of those previously described, and are in some 
c:i8e8 intersected by them. Like the newer dykes they are all basic 
compounds. In some cases they have been crushed and sheared 
into a schistose greenstone, which occasionally takes tb« form of a 
schist which has a characteristic weathered outcrop, very suggestive 
of a calcareous schist. These sheared dykes are all indicated upon 
^map. 

* Sapn, p. 27. 
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5n5i — ^Thlc-chlorite schist. Golden Gate Lease, Warrawoona, Pil- 
baca Goldfield. Analyst, £. 8. Simpson. 

57S6l — Chlorite schist. Tom Thnmb Lease, Warrawoona^ Pilbara 
Goldfield. Analyst, E. S. Simpson. 

87S7. — Serpentine schist. Near Moolyella Gap, Warra^oona, Pilbara 
Goldfield. Analyst, £. S. Simpson. 

576& — C^«rbonated schist. Near Ironclad Battery, Warrawoona, Pil- 
bara Goldfield. Analyst, £. S. Simpson. 

570B» — Chlorite schist. May-be Lease, Warrawoona, Pilbara Gold- 
fi^. Analyst, E. S. Simpson. 

5773. — ^Newer Diabase Dyke. Warrawoona, Pilbara Goldfield. Analyst, 
£. S. Simpson. 

S777.~*'I^l<^-<^<3Tite schist. Imperialist Lease, Pilbara Goldfield. 
Analyst, E. S. Simpson. 

5n& — Older Greenstone Dyke. Warrawoona, Pilbara Goldfield. 
Analyst, E. S. Simpson. 

5779L — Foliated Greenstone. Gauntlet Lease, Warrawoona, Pilbara 
Goldfield. Analjrst, E. S. Simpson. 

5780. — Greenstone. Bow BeUs Lease, Warrawoona, Pilbara Goldfield. 
Analyst, £. S. Simpson. 

SKL — Schist. Bow Bells Lease, Warrawoona, Pilbara Goldfield. 
Analyst, £. S. Simpson. 

5798, — Felspar- Porphyry. North side of Main Sange, Warrawoona, 
Pilbara Goldfield. Analyst, E. 8. Simpson. 

57B8L — Greenstone. Warrawoona, Pilbara Goldfield. Analyst, E. S. 
Simpson. 

Fissures, Faults, etc. 
A Terj marked feature in tbe structure of Warrawoona is the 
occurrence of those bands of laminated quartz which traverse 
the whole length of the field, these being locally spoken of as 
"djkes." 

These bands often rise in the form of rough serrated ridges, 
which, by virtue of their power of resisting denuding agencies, 
stand out in bold relief, and can be followed across country for, in 
some cases, miles. They are, wherever seen in section, either 
vertical or incb'ned at high angles to the north east. In the case of 
the crosscut from the south drive in the tunnel workings of' the 
Bow Bells Mine (Plate IV.), a dip of 65 degiees was observed. 
Although this vein, as seen underground, proved to be ten feet in 
thickness, there did not appear to be any distinct line of demarkation 
between it and the country rock, the whole section in the crosscut 
suggesting a gradual replacement of the original rock along lines of 
maximum compression or foliation. 

Similar cases of a gradual transition between the quartz and 
the country rock can be noticed in several cases along the summits 
of the ridges in the district. 

Of these bands there are twelve in all, the most conspicuous 
and the most important being that which traverses the whole line of 



leases across the field in a nortb-westerlj direction. This particular 
vein is locally spoken of as ** The Djke," and it may be that it 
represents an old line of weakness along which disturbance has 
taken place at several distinct periods. 

The other veins, it will be noticed, all taper off gradually along 
a line which is, approximately, parallel to the dyke, and are disposed 
somewhat in the shape of a fan, the ribs of which open out 
gradually to the west. 

The mode of occurrence and ending off of these quartz veins is 
very suggestive of this line being a fault ; to which the interruption 
in the continuity of the newer diabase dykes in the vicinity would 
seem to lend additional colour. There is, however, no sign of aoy 
such fault on the surface, and, in fact, owing to the nature of the 
surrounding rocks, auy such might readily escape detection. 

These laminated quartz veins have been subject to a certain 
amount of faulting, and all those which have any effective throw 
have been laid down upon the map. As all the veins have a very 
high underlie, a considerable vertical displacement might easily take 
place without having any very marked effect upon the outcrop. 

When examined under the microscope, typical specimens of 
these laminated quartz veins [5756, 5750] present no features of any 
particular moment. 

In addition to the laminated quartz veins previously mentioned, 
there is another type of fracture developed on the field, which makes 
itself manifest in two well defined bands, trending approximately 
parallel to them. These bands, which form a very pronounced 
feature in the landscape, are represented by a " sheeting " or 
" zoning " of the country rock, the width of which varies within 
very wide limits. The photographs " F " and " G," taken by the late 
Mr. S. J. Becher, give a graphic idea of the nature of these zones, 
which in reality result from the powerful compression to which the 
rocks have been subjected. There are, occurring in these bands, 
more or less extensive lenticules or " eyes ** of quartz, parallel to the 
foliation; and many of these quartzes have a characteristic and 
distinct greenish hue [5759]. Fig. 6 shows a section across one of 
these compression fractures, with the characteristic quartz lenses, 
traversed by a reef of much newer formation. This newer reef is 
from 12 to 14 inches in thickness. The country rock traversed by 
this fracture has been silicified along the lines of compression, whilst 
the vertical slickensided faces indicate subsequent movement, which, 
however, may not have been very great. One of these bands of 
compression or shearing traverses the whole length of the Klondyke 
Boulder Lease ( Plate VI.), parallel to the reef of the ** Leader" tjpe; 
it forms a very marked feature on the surface and stands axxt in 
bold relief. The foJisB, however, are not, in this section, vertical, but 
inclined at a very high angle to the north-east. 
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Tkd faults which manj of the reefs have undergone are referred 
to below under the heading of the Auriferous Deposits, and the 
position of those which can be actually observed and those the 



Fig. 6. 




existence of which is inferred are shown upon the mining plans 
which form Plates IV., V., and VI. 



Economic Geologry. 

Auriferous Deposits. 

The auriferous deposits of Warrawoona are quartz reefs, which 
outcrop over a belt about six miles in length and about 20 chains 
in width. 

There are no alluvial deposits of any extent anywhere within 
the limits of the area examined. 

In addition to what may be called the main belt of Warra- 
woona, there are several minor outlying virtually isolated reefs, 
which have been worked in a more or less desultory fashion. 

The position of all the quartz reefs has been laid down upon 
the Geological Map of Warrawoona (Plate III.) with such a degree 
«rf accuracy as the scale employed and a plane table survey would 
permit. No considerable body of ore, which is obvious to anyone 
making a fair and reasonable inspection of the surface, has been 
overlooked. The reefs exhibit, when viewed on the whole, a general 
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Sarallelism to the trend of the main structural features of the 
istrict. A careful examination of all the reefs, both on the sur&oe 
and below ground, whereyer such was possible, showed that thej 
could be divided into tWo totally different types, which are sharply 
differentiated from each other. 

The first type may, for conTenience, be called the Normal or 
Fissure Vein Type, whilst the " Kidney " shaped lenticular quartz 
reefs of the second are locally spoken of as the " Leader." 

Both types have been more or less opened up, and their relative 
importance as gold producers well est&bushed, as may be seen by a 
re&rence to the tables below. 

Tables showing the yield of — 
(a.) Thi NoBiKAL Quarts Bsbfs, and 
(b.) Thi Liadse Ttpb of Deposits of Wabbawoona. 

The Normal Quartz Beefs. 



T«ur. 


On 


Gold 


Bate 


aniihad. 


tlwnfrom. 


parton. 




tons. 


OSS. 


on. 


1808 


626-85 


3,148-72 


6-01 


1899 


1,194-76 


8,679-56 


8-08 


1900 ... 


1,854-81 


4,978-74 


2-68 


1901 


855-76 


874-25 


2-46 


1902 


896*55 


774-80 


. 1-96 


1908 


429-85 


1,080-64 


2-51 


1904 


106-46 


286*44 


2-24 


Total 


4,983-61 


14,76315 


8W 



The Leader Type of Deposit, 



Ywr. 


enidft«d. 


Gold 
tlionCrom. 


Bats 
psrton. 


1898 

1899 

1900 

1901 

1902 

1908 

1904 


tons. 
78-56 

16710 
87-40 
46-26 
49-70 
71-60 
49-00 


OSS. 

276-76 
470-62 
814-46 
126-60 
147-26 
166-25 
126-88 


ots. 
8-62 
2-81 
8-69 
2-78 
2*96 
2-82 
2-65 


Total 


548-60 


1,027*31 


2M 



The data embodied in these two tables hare been drawn up 
from the of&cial statistics, but, of course, could not ha^e been 
tabulated without a personal examination of the different reefs in 
the district. The figures demonstrate conclusiTely that whilst the 
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ayerage valoe of the two types of <i^>08it is about equal, it is, 
howerer, the normal quartz reefs that have, up to the present, been 
most extensiYely worked, and the reason is not far to seek. 

The reefs of the Leader type are in every res|>ect identical with 
i described * as forming the important deposits in the minimr 



eoitre of Edjudina. 

At Warrawoona, the "Leader," which forms a continuous 
band, so far as prospecting operations have shown, of about two and 
a half miles in length, occurs along a line of rupture, which is 
forcibly shown by the powerful slickensided surfaces exhibited 
ahnoflt everywhere underground. These faces are often coated with 
fine fihns of gold. The "reef" is represented by "kidney" or 
damper-shaped lenses of quartz which vary from a few inches in 
widlii U) a foot or two in length along the vein. The interval 
between each lens of quartz naturally fluctuates within very wide 
limits. Sections are visible in some of the workings fully described 
on a later page, which show the " casing " of the lens to be quartz of 
a somewhat different type ; cases of this kind, which are of frequent 
occurrence along the " Leader " line, seem to point to the quartz 
lenses being portions of a pre-existing quartz reef which has been 
shifted in segments, as it were, along a vertical line of dislocation. 
Until these quartzes have been submitted to microscopical examina- 
tion it is impossible to determine whether they exhibit optically any 
signs of mechanical strain, as would be naturally expected. 

There seem very strong grounds for believing that the reefs of 
the "Leader" type are of later formation than those of the true 
fissuie veins. Fig. 7 shows a section of a Assure vein abruptly cut 
off by the "Leader." 

Fig. 7. 




SCCnON Of THE RCEFS IN THE OPEN CUT NEAR THE SOUTH EASTEM 
BOUNOARV Of O.M.L 908 WARRAWOONA PILBARA 0. F . 



Prom the very nature of the Leader it is naturally somewhat 
difficult to work, as the stopes must be kept within the narrowest 
possible limits, and merely the auriferous quartz lenses extracted. 

*NotM OB the oountry between Edjadina and Yundamindera, by A. Gibb 
ICaitiaad, BnUetin 11. Perth : By Anthority, 1908, pp. li, •% s$q. 
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A feature of many of the normal reefs, notably those on the 
Bow Bells lease, is the folding which thej have undergone ; this 
characteristic is particularly well exemplified in the case of the 
Horseshoe vein, and is shown on the plan which forms Plate IV. 
It will be noticed that in those cases in which the folding has taken 
place, there is almost invariably a relatively large pocket of ore at 
the apex of the arch. The fold in the Horseshoe vein of the Bow 
Bells lease merely differs from the saddle reefs as depicted in many 
geological manuals in the fact that in this particular case the legs 
are horizontal. Mining operations, however, have hardly be^ 
carried sufficiently far to determine whether or not the apices of the 
folds contain any higher grade ore than what may be called the 
legs of the reef. The fact that rich chutes are known to prevail in 
intimate connection with the apices of the folds in other mining 
districts where the quartz reefs have been violently contorted is a 
circumstance which should commend itself U> the attention of those 
engaged in the exploitation of the reefs in question. All the 
evidence available points to the fact that the folding of the reefs is 
the result of great lateral pressure acting upon the country rock 
after the formation of the reefs themselves. The folding and 
puckering of some of the quartz veins is well illustrated, even in 
many hand specimens, notably in the quai*tz schist [5789] on the 
Gauntlet East, G.M.L. 560, a micro- photograph of which forma Fig. b. 
Photograph '' H." This lateral pressure has not only folded but 
has faulted many of the reefs. Wherever possible the faults which 
have any effective throw have been mapped and shown in both the 
geological and mining plans as well as in some cases in the sections 
by which they are accompanied. The high inclination of the 
majority of the veins is such as of course might permit of a con- 
siderable displacement without any marked effect upon the outcrop, 
hence many faults, unless disclosed during the course of mining 
operations, might easily escape detection. In the case of the main 
reef on the Gauntlet lease, the rich shoot for which the mine iti 
famed is coterminous with the fault which traverses the whole 
breadth of the lease. It is, however, not yet clear whether this 
fault fissure formed the channel along which the mineralising solu- 
tions percolated. 

In addition to these normal vertical faults, there are also 
reverse faults at thrust planes, which are either horizontal or are 
inclined at a very low angle to the horizon. Typical instances of 
these are to be found in the workings on the Gauntlet and the 
Klondyke-Boulder leases; in the first of these cases the actual 
horizontal displacement measures only a few inches. 

The reefs of both types are composed of a hard, translucent 
and crystalline quartz, which, in addition to the gold, contains in 
subordinate quantities pyrites, chalcopyrite, limonite, malachite, 
ferruginous wad, and a muscovite mica which is partly chromiferous^. 

In some cases the gold can be seen contained in cavities, evi- 
dently left by the oxidation of pyrites. 
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Cases hate been obseired of the oocurrenoe of calcite [0778] 
currjiog a trace of gold ; possiblj the parent source of the calcite 
is to be looked for in the lime-soda felspars which enter into the 
composition of the greenstone and its allies, the country rock of 
manv of the quartz reefs. 

Although the total gold yield of Warrawoona has been 
17,294'18ozSm reooTered from the mUling of 5,70001 tons of ore, 
thus giving an average value of SOSozs. per ton, and many of the 
reefs have been open^ up, these, however, have only been worked to 
very shallow depths. 

All the mines which were open to inspection were visited, and 
M descriptions of them are given in the following paees. In the 
ease of three properties — the Quuntlet, the Bow BeUs, and the 
Elondyke Boulder, the reefs on which are instructive examples of 
the normal type as developed on the field — detailed surveys oil a 
large scale of the various ore bodies, faults, etc., were made in the 
hope that they might in some measure furnish a guide as to the 
general behaviour of the reefs of this class in the localitv. The 
r^nlt of these surveys has been embodied upon plans on the scale 
of 100 feet per inch accompanying the report, Plates IV., V., and VI. 

For convenience of description, the mines and other workings 
are described in geographical sequence, commencing at the north- 
westernmost end of the field. 

The Minss. 

Peincbpt, G.M.L. 517. — This is the most north-westerly lease 
(A the Warrawoona Belt. The ground is now abandoned, and so far 
to may be seen very little work has been done upon the property. 
The surface of the lease is occupied by greenstone-schist of the 
pTCTaiHng type. 

Near the north-western boundary of the lease is a shaft of 
unknown depth, sunk upon a vertical reef of about 12 inches in 
thickness. The reef has a general north-eastern and south-western 
■trike. So far as may be judged by the stone lying at grass the 
<lQartz [5764] contains oxide of iron, green carbonate of copper,, 
carbonate of iron, together with a little red copper oxide. An assay 
«f a characteristic sample [5764] of the ore yielded in the Survey 
laboratory gold at the rate of Idwt. 15gr8. per ton. 

In addition to this there are two other reefs on the property^ 
iittiated near the south-eastern boundary, and lying about 800 feet 
&part. The westernmost and most conspicuous of these forms the 
smnmit of a very prominent rise on the ground, iLnd, as measured at 
the top, is from 20 to 25 feet in thickness. So far as may be seen 
the reef is vertical, and strikes a little to the west of north. About 
three feet to the west of this is a parallel reef of ice-like quartz, but 
of no horizontal extent. The eastern reef, about 300 feet distant,, 
extends some considerable distance southwards, beyond the confines^ 
of the property. 
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The following table gives the yield of this property. The gold 
was entirely derived from the reef in shaft above mentioned : — 



Table showing the Yield of the 


Princepi Beef. 


Tear. 


Ore 
cmihed. 


Gold 
therefrom. 


Bate, 
per ton. 


1899 


tons. 

216 


0Z8. 

500 


OM. 



CuTTT Sabe, G.M.L. 521. — Messrs. Skogsberg and Svensen. 
This property is an old lease, the Cutty Sark, which has been 
resurvejed, and part of it is now held as Q.C. 142. The reef 
worked on this lease has an average strike of 805 degrees, and 
appears to be the same as that which enters the property near the 
north-east angle of the lease. 

A vertical shaft 74 feet in depth has been sunk by the present 
holders of the property, and the stone stoped out from a depth of 
60 feet ; the reef is said to have been four feet in thickness. From 
the bottom of the shaft crosscuts six feet in length have been put 
in east and west respectively. Owing to the state of the country 
Tock it is stated that work had to be abandoned at this level. At 
the date this property was visited, access could not be obtained 
below 33 feet from the surface ; at this depth is a large body of 
quartz five to six feet thick, it is however merely a somewhat 
larger bulge on the reef than usual. 

There are about 18 to 20 tons of quartz raised and awaiting 
crushing. The quartz at grass shows gold freely, it contains the 
red oxide, and the blue and green carbonates of copper in relatively 
small quantities, in addition to a little galena. 

The only crushings from this reef were recorded in 18d8 
and 1904. 



Table shotdng the Yield of the Cutty 8ark 


Beef 


Year. 


Ore 

omeliecL 


Gold 
therefrom. 


Bate 
per ton. 


1898 

1904 


tonB. 
4-76 
31-30 


OM. 

1010 
4900 


OXB. 

212 
1-56 


Total 


9606 


5010 


1-64 



Tom Thumb, Q.C. 128 (141).— Trangmar. This property was 
originally embraced within the boundaries of G.M.L. 519, the 
Carnoustie. 

A good deal of work must have been done upon this property 
by the previous owners of the ground, but most of these workings 
are inaccessible at the present time. 
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A Tertical sliaft 94 feet in de p th has been sunk through ahnost 
fertical beds of chlorite schist [5IW]. 

At 65 feet is a level, which has been put in ftlong the strike of 
the ootmtrj for a distance of 40 feet to the west. The face of the 
drire connects with the old workings, the end of the rich chute 
being at ibis point, and the stone, merely thin lenticular veins along 
the folia, being stoped out to the surface from the westernmost old 
shaft. 

The quartz lenticules, of a totally different type to those 
occnrring in Kopcke's leader, are said to attain a thickness of 12 
inches in places. At the foot of the main sbaft a quartz reef was 
met witb and a fairly large body of water was encountered, at the 
point at which the stone was first intersected. The water is stand- 
mg in the shaft at 85 feet from the surface. From stone shown to 
me, it appears that the quartz lenticules must be very rich in places. 

Table showing ihe Yield of the Tom Thumb Beef. 



T«ar. 


Or* 
oniahad. 


Gold 
thwvftom. 


Bate 
p«rt<m. 


1903* 

1904 


ton*. 
84*40 
2*16 


OSB. 

166*67 
9*09 


OSS. 

4*62 
422 


Total 


3656 


16466 


450 



* PNTioQS to 1908 the yield was iBclndad under the heading of Sundry Clsims. In* 
18BS, howererp the oiBeiitl statistios show that 45'40 tons of ore omshed from the 
Csznoiistie reef yielded 17S*lloss.. or at the rate of 3'92oss. per ton. This, how. 
erer, in all prooability was obtained from the reef ontoroppixur Jost ontdde 
the north-eaet angle of the claim, as shown in the Qeologieal Sketch Map of 
Wsarxawoona. 

Gk>LDBV Gati. G.M.L. 607 (now Q.C. 137).— The unsurveyed 
quartz claim, 137, originally embraced by the Golden Gate Lease^ 
&.M.L. 607, lies some little distance to the south of the Tom 
Thumb. The workings, however, are inaccessible ; the main shaft 
ii reputed to have reached a depth of 76 feet, and the reef stated to 
We consisted of lenticular quartz veins occurring along the planea 
of foliation of the talc-chlorite schist [5755]. 

Table thomng the Yield of the Oolden Gate Beef. 



Tear. 


Ore 
cmshed. 


Qold 


Bate 

per ton. 


1901 

1902 

1903 


tons. 

600 

1800 
40-45 


OM. 

(16-40 

(•600 

2910 

7800 


OIS. 

2-7B 

2-24 
1-80 


Total 


50*45 


118*50 
•8-00 


100 



* Dollied and Specimens. 



76 



Sbtbit Dials, G.M.L. 605. — The Seven Dials property, now 
abandoned, lies at the north-western extremity of what ma^v be 
called the Bow Bells-Guuntlet Zone, as may be seen by an 
inspection of the Geological Sketch Map of Warrawoona. 
(Plate III.) 

The reef prospected enters the property near the north-western 
boundary, and, after a somewhat sinuous course, leaves it by the 
south-eastern boundary, not far from the north-east angle of the 
lease* So far as may be seen in an opencut on the surface, the reef 
underlays to the north-east at 65 degrees, and varies from two to 
three feet in thickness. The reef appears to be somewhat faulted along 
the outcrop, though the horizontal displacement is not more than 
three or four feet in each case. A vertical shaft (Fig. 8), 28 feet in 
depth, has been sunk at a point 34 feet north-east from the outcrop. 
The shaft has been carried down through a narrow belt of a 
fine micaceous schist. 

Fio. 8. 




SECTION ACROSS THE SEVEN DMIS RCEf aWjfiOS WAW«iO0Mi 
PILBARA 6.F 

Chancb, G.M.L. 534. — This lease, now abandoned, occurs a 
few feet to the north-west of G.M.L. 531. 

Work has been concentrated upon a somewhat similar deposit 
to that occurring in G.M.L. 531. At the outcrop the section across 
the vein from west to east is as follows : — Quartz, six inches ; for- 
mation, eight inches; quartz, 12 inches; formation, 12 inches; 
quartz, three feet six inches. An underlay shaft has been put down 
to an unknown depth, but being inaccessible, no particulars as to 
the nature and behaviour of the reef underground are available. 
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The qoartz [570B] is almost pare white, and contains oxide of iron, 
imall quantities of green carbonate of copper, and chalcedony. 

Lying in the vacant triangular piece of ground between this 
lease and O.M.L. 531 is an underlay shaft, which has been put down 
to an unknown depth, upon a thin vein of quartz underlying north- 
wards. Workings along the outcrop further down the hill show the 
rein to attain a maximum thickness of 12 inches. 

The returns of a small crushing in the year 1898 are shown in 
t]ie table below. 



Table showing the Yield of the Chance Reef, 


Tear. 


Ore 
onulktd. 


Gold 
thsrtfrom. 


Bate 
per ton. 


18»8 


tonf. 

4-00 


OM. 

835 


ots. 

iro6 



Mat-be, G.M.L. 531. — This lease is abandoned, and no work 
^ evidently been done upon it for some considerable time past. 
At may be seen by an inspection of the geological sketch map, it 
^ be noticed that the northern portion of the property is traversed 
brth^ main laminated quartz vein, which forms what may be called 
tbe backbone of Warrawoona ; this quartz vein has been traversed 
bj three faults which have had the effect of shifting the outcrop a 
few feet in each case. All the work on the lease centred on the 
qiurtz reefs occurring on the south side of the laminated quartz 
▼em. On the summit of a hill near the south-west angle of the 
Ifiaae is an open cut, 20 feet in length, exposing about an inch of 
quartz encased in a banded (partly silicified) greenstone [fi788], 
the foliation planes of which underlie at an angle of 60 degrees 
northerly. The quartz leader lies along a compression fracture, 
*hich from its geological position may represent the north-western 
extension of Kopcke's leader. 

Bow Bells Block No. 1, G.M.L. 524.— This is an old 
abandoned lease a«] joining G.M.L. 523 on the north-west; it 
wnbraces a narrow strip of the northern portion of Bow Bells No. 
iWest (q,v.). A few tons of stone have been crushed from this 
«^ in 1898, as shown in the table ; it is probable that this stone 
»M raised from the reef in the inaccessible vertical shaft, of which 
mention is made in the description of the reefs on G.M.L. 693. 

Table shouring the Yield of the Bow Bells Block No. ^ 
Beef. 



Year. 


Ore 
enuhed. 


Gold 
thei«from. 


Bate 
per ton. 


1808 


tone. 

12*00 


OZ8. 

10*50 


OM. 

•87 
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Bow Bills No. 1 Wssr, a.M.L. 598.— An abandoned 24- 
acre lease adjoining the Bow Bells on the north-west. As maj be 
seen by an inspection of the geological map, there are seven quartz 
reefs traversing the lease in addition to the main laminated quartz 
vein. The principal work has been done upon a reef outcropping 
near the northern boundary of the lease. A vertical shaft, now 
filled up, had been put down to an unknown depth on the slope of 
the northern wall of the valley, traversing the around, and con- 
nects with the surface lower down by a tunnel about 100 feet in 
length, driven on a bearing of 35 degrees. The face of the tunnel 
is filled with debris falling down the shaft, so that nothing what- 
ever can be seen of the reef. The mouth of the vertical shaft shows 
a good solid body of quartz, vaiying from two to four feet in thick- 
ness. This stone in all probability represents the continuation of 
the large reef outcropping to the north of main shaft on the Bow 
Bells lease, distant about 400 feet. At the mouth of the tunnel is 
a heap of quartz [6770] showing free gold, in addition to muscovite, 
which is partly chromiferous and partly stained by limonite, iron 
pyrites, and chalcopyrite. 

Another reef outcropping 18 feet north of the laminated quartz 
vein, forming the southern wall of the vaUey. The shaft is inac- 
cessible, but as measured to the surface of the water at present 
standing in it, is at least 32 feet deep. 

A little stone has been raised, and now lies at the mouth 
of the shaft. It contains [5771] muscovite, which is partly 
chromiferous, ferruginous wad, and limonite. The reef varies from 
one to three feet in thickness, and has such a strike as would carry 
it into the laminated quartz vein some distance to the west. 

Bow Bills, G.M.L. 505. — The Bow Bells lease comprises an 
area of 12 acres, and was originally taken up by Mebsrs. Boyer, 
Barnes, and Burroughs in the year 1898; it eventually passed into 
the hands of the present holders. The British Exploration Company 
of Australia, in 1901. 

The lease, as may be seen by the Geological Sketch Map of 
Warrawoona, lies in the same zone as that which embraces the 
Gauntlet Mine, G.M.L. 488, from which it is distant about 100 
chains to the north-west. The surface of the lease is occupied by 
greenstone schists and allied rocks, and the southern boundary of 
the property is traversed by the band of laminated quartz, which 
ezt^ds across the lease from end to end. 

As shown by the large scale plan of the mine (Plate lY.), 
there are seven reefs upon flie property. 

The Northern Beef (No. 3 shaft), extends along the surfaoe 
for a distance of about 80 feet, and underlies at a high angle to the 
north-east ; the thickness of the reef as showing at the surface is 
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12 inches. The shaft bj which the reef is worked is 89'6d feet 
above the level of the main (or Horseshoe) shaft, and has been 
carried down to a depth of 45 feet 9 inches. The shaft was 
inaccessible, but I was informed by the Manager (Mr. Hanemann) 
that at the bottom the reef proved to be small and poor. At a 
point about 50 feet north of the shaft, and along the outcrop of 
the same reef, is a shallow shaft, showing about 12 inches of quartz. 
No. 2 tunnel, 1*08 feet above the main shaft and 70 feet from it, 
was started with the object of intersecting the reef in No. 3 shaft, 
bnt after being carried in 8 or 10 feet, through country rock, it was 
apparently abandoned, and is now used as a store. 

What may be called the Horseshoe Beef is worked from the main 
shaft, which has been sunk at the most convenient spot in the fork 
of the reef. The northernmost leg of the reef, as may be seen by 
the p]aD of the reefs (Plate lY.) can be followed for a distance of 
about 260 feet northwards, at which point it gradually tapers out to 
a thin vein of quartz, considerably less than an inch in thickness. 
At the bend of the horseshoe, the reef is about five feet in thickness, 
The southern leg of the reef can be followed, with a varying thick- 
ness, traversing No. 2 shaft, for a distance of about 150 feet, to a 
pomt at which it turns southerly, continuing on that course for a 
further distance of 50 feet, whence it gradually disappears. The 
main shaft, which has been carried down 106 feet 2 inches verti- 
cally, intersects the southern leg of the reef at No. 1 level, put in 
at a depth of 91 feet 6 inches ; this reef is about three feet in 
thickness. The northern leg of the reef is represented by the 12 
inches of quartz, intersected in the northern drive at a point about 
40 feet from the shaft. An eastern drive about 50 feet in length 
has been put in practically along the country rock forming the foot- 
vali side of the reef. A narrow quartz vein, however, occupied the 
centre of the drive, and may possibly represent the small vein 
shosring on the surface, for about 30 feet west from the mouth of 
No. 2 shaft. The eastern drive has been carried south on a bearing 
of 171 degrees for a distance of 18 feet, through massive greenstone. 
It is contemplated continuing this with the object of intersecting 
the rich chute worked in the reef in No. 1 shaft, and hauling all the 
stone to be milled from the main shaft. 

The Tunnel WorJnngs. — The workings at No. 1 tunnel and 
No. 1 shaft, are the most extensive, and appear to be the most im- 
portant on the property. The mouth of the tunnel is 18*94 feet 
above the level of tne main shaft, and has been carried in for a 
distance of 85 feet from the mouth to a point at which it intersects 
the reef, followed down from the surface in the workings from No. 
1 shaft. Portjr-five feet bac;k from the face of the tunnel is a quartz 
wef two feet six inches in thickness, which in all probability repre- 
sents the northern leg of the main reef. On the surface at the 
mouth of No. 1 shaft the two legs of the reef are 20 feet apart, 
whilst in the tunnel, 59 feet vertically below, they are 40 feet apart. 
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Twenty-three feet from the mouth of the tunnel is a small reef of 
six inches underlying to the north-east, and which in all probability 
represents the feather edge of the middle or lens-shaped mass of 
quartz (the Middle Beef) shown on the plan (Plate Iv.) as lying 
midway between the Main and the Horseshoe Beefs. From the face 
of the tunnel, drives have been carried north and south for distances 
of 60 and 60 feet respectively ; and for a length of 40 feet north- 
wards from the face of the tunnel the reef has been stoped out to 
the surface, and has produced, up to the end of 1903, 488' 70 tons of 
quartz, officially recorded as yielding 855'69ozs. of gold, or at the 
rate of l'76ozs. per ton. The reef can be followed with more or less 
interruption northwards, but to the southwards it appears to be 
represented by a mere thread of quartz. At a point about 60 feet 
south from the tunnel a crosscut has been put in 40 feet south from 
the drive, through more or less foliated greenstone, with thin films 
and threads of quartz along the foliation planes. At the face of 
the crosscut the laminated quartz vein has been pierced and proved 
to be 10 feet in thickness, with an underlie of 65 degrees to the 
north-east. There does not seem to be any distinct line of demarca- 
tion between the country rock and the vein ; the whole appearance 
suggesting a gradual replacement of the original rock along luies of 
maximum compression or foliation. On the footwall side of the 
vein is a body of quartz of as yet unknown thickness; in its general 
appearance, this quartz closely resembles some of the auriferous 
quartz of other portions of the field, and on that account seems 
worthy of being, at least, opened out and prospected. From the 
foot of the main shaft, and at the face of the tunnel, a winze, No. 1, 
has been carried down on the reef 77 feet 6 inches ; this winae, 
which was inaccessible below 24 feet from the drive, has been put 
down on the footwall side of the chute followed above. No. 2 
winze, however, about 20 feet to the north has been put down in the 
centre of the chute, and carried down 83 feet. The chute, which 
underlies north, leaves the winze at about 40 feet. The reef in this 
winze is very strong, and in places large, attaining as much as eight 
to 10 feet in thickness ; at the foot of the winze, owing to a large 
bblge in the reef, its exact width had not been ascertained at the 
time of my visit. An intermediate level connects the two winzes at 
24 feet six inches below the drive ; about 200 tons of ore have been 
taken out above, and now await crushing. The quartz [5782] has 
a very ice-like appearance, and contains small scales of sericitic (?) 
mica, and irregular patches of serpentine. A sample of it assayed 
gold at the rate Idwt. per ton. It is contemplated intersecting this 
chute from No. 1 level in the main (Horseshoe) shaft by a crosscut 
put in from the face of the eastern drive, as may be seen in the 
section (Plate IV.). The width of the chute appears to be about 35 
or 40 feet. 

There are many points of similaritv between the geology and 
economic features of this property and the Gauntlet. The ore 
deposits in each case belong to one and the same type, and both 
occur in the same mineral zone. 
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So far as may be seen by a careful inspection of the surface it 
appears as though a considerable amount of faulting * has gone on. 
The inferred position of these faults has been indicated upon the 
plan which forms Plate lY. 

The following table gives the yield of the reefs on this 
property: — 

T<Me shcnoing the Yield of the Bow BeU$ Beefe. 



T«.. 


Ore 
crashed. 


Gold 
thereCvom. 


Bate 
per ton. 


1888 

1899 

1900 

1901 

1902 

1908 

1904 ... 


tons. 

6500 
188-00 
104-20 

NU 
141-60 
NU 
NU 


osa. 
162-40 
842-30 
176*29 

NU 
186-70 ' 

NU 

NU 


OSS. 

2-77 

1-87 
1-68 

1-81 


Total 


48370 


865*00 


1-78 



Adjoining the Bow BeUs Lease on the north, and on the ground 
taken up for a battery site, is another very conspicuous quartz reef. 
Thi« bold reef, which outcrops at about 40 feet from the boundary 
of the Bow Bellfi lease, measures about 20 feet in its widest part, 
and can be followed along the surface for about 484 feet. The 
eartem end of the reef bifurcates, and both horns of the fork 
gradually dwindle out to threads of quartz. The western end of 
the reef is about 50 feet from the north-west angle of G.M.L. 
505. 

Gbbat Wbstbbn, G.M.L. 502. — An abandoned 12-acre lease 
Ijing in the main belt some distance to the south-east of the Bow 
Bells. Some desultory work has been done upon a well defined 
leef, varying from 1 to 5 feet in thickness. The reef occurs in a 
Terj much crushed greenstone. The quartz in places contains veins 
W eyes of banded bright green serpentine [5772] which present 
^ery appearance of having been produced by shearing. The 
i^ is in all probability along (or parallel to) the same line of 
^ncture which carries the Main Bow Bells Beef. The quartz is 
of a white colour, and practically destitute of any other mineral, 
Qcept a very little pyrites, closely associated with the green 
^serpentine previously referred to. A parallel reef occurs near 
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the Bouth-eastem angle of tlie lease^ but no work has been done 
upon it. 

In 1898, when the property was visited by the then Inspector 
of Mines, Mr. Gladstone, about 100 tons of quartz had been raised 
from the first lease, and awaited treatment. No separate crushings 
from this lease appear in the returns; any returns are in all 
probability included under the heading of the yield from sundry 
claims. 

A tunnel had been put in 55 feet on a bearing of 223 degrees, 
on the vacant ground lying between this len4?e and that adjoining 
G-.M.L. 595; the tunnel had been carried through decomposed 
schist underlying to the north-east. At about 35 feet from the 
mouth of the tunnel there is about from six to eight inches of 
quartz exposed, which represents the continuation of the reef 
opened up in G.M.L. 502 ; the face of the tunnel exposes a thin 
vein of quartz of from two to three inches in thickness. 

Gauntlet No. 3 Nob*- West, G-.M.L. 595 (io^e Gift).— This 
abandoned 24-acre lease is traversed by two principal reefs which 
hav&been worked at one time or another by three shafts. The 
most northerly shaft, which is inaccessible, has been sunk to a 
depth of 15 feet on a reef having a general strike of 107 degrees, 
with a high underlay to the north. A little stone has been taken 
out from the reef, which, judging from the ore at grass, had a 
maximum thickness of 12 inches. So far as may be seen in the 
sides of the shaft the reef is represented by three or four quartz 
veins about a couple of inches in thickness. The same reef has 
been opened up at intervals along the outcrop for a distance of 
about 100 feet eastwards from the shaft; in one place the reef 
measures from two to three feet across. A very Uttle stone has 
been raised and is now stacked ; the quartz is of a pure white colour 
and contains small quantities of iron ore ; a sample [5774] of it 
assayed gold at the rate of Idwt. 15gr8. pei ton. 

The principal workings on the lease, however, are on the vein 
lying to the south-west of the laminated quartz vein and about 148 
feet from it. Two shafts, 94 feet apart, have been put down upon 
the vein. The south-eastern shaft (No. 2) is inaccessible, and no 
information is available ; the vein has been opened up along the 
surface for a distance of 38 feet along the outcrop south-east from 
this shaft, but owing to the condition of the workings little is to be 
seen of it. No. 1, or the westernmost shaft, is distant 94 feet 
from No. 2, and the stone has been worked right to the surface 
between the two but from what depth cannot be ascertained. This 
shaft, the depth of which is unknown, has water standing in it to 
about 35 feet from the surface, and is now used as a weO. Owing 
to the influx of water, it is asserted, the property had to \» 
abandoned. 



Fig. 9 gives a section across the reef, which lies along a line of 
fault, t£e huoging wall of which is marked bj a somewhat puckered 
and greatly slickensided yein of quartz. 

Fio. 9. 




SECnOff ACROSS THE GIFT RCEF G.M.L. 595. 
WARRAWOONA PILBARA G.F 

This rein is the continuation of Eopcke's Leader. 

The following table gives the yield of this reef so far as can be 
ascertained from official data. 

TahU showing the Yield of the Gift Beef, 



Year. 


Ore 
Croehed. 


Gold 


Bate 
per ton. 


1808 

1899 


tons. 
11-80 
82-26 


OBS. 

23-50 
50-00 


ozs. 
1-99 
1-55 


Totals 


44-05 


73-50 ree 



QoLDBK Gauntlet, G.M.L., 506. — ^This lease adjoins the 
Oift, on the east ; a fair amount of work has been done at the 
north-west end of the property, on a reef which occurs, as may be 
Been by an inspection of the geoloo^ical map, in close proximity to 
where the main laminated quartz vein is traversed by the green- 
stone dyke [5773]. 

A tunnel has been put into the face of the hill on a bearing of 
^ degrees, for a distance of about 75 feet. At 34 feet from the 
mouth of the tunnel, the laminated quartz vein hits been met with, 
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and passed through at 47 feet, giving a thickness of 13 feet ; the 
rein underlays to the north-east at 85 degrees. At the face of the 
tunnel the decomposed rock is much less foliated than that exposed 
in the rest of the tunnel, thus indicating a gradual decrease in 
foliation as one approaches, and receded from the quartz vein. 
There does not appear to have been much obtained from this tunnel, 
which would seem to have been driven for the purpose of exploring 
the laminated quartz vein at some depth below its outcrop. Two 
shafts, now inaccessible, have been put down on a large reef 
situated a little distance to the north of the tunnel which has an 
average strike of 146 degrees. The most northerly shaft, 35 feet 
deep, is distant 95 feet from the southernmost ; from the foot of the 
northern shaft a drive has been put in along the reef in both 
directions, but no particulars are obtainable. The thickness of the 
reef as measured on the outcrop, close to the northern shaft, is 20 
feet, and probably merely represents the widest portion of a bulge 
in the reef. The quartz is of a bluish white colour, and appears to 
contain no accessory minerals. A fair quantity of outcrop stone 
has been stacked and awaits crushing. 

Table showing the Yield of the Ghlden (Gauntlet Beef, 



Tear. 


On 

crushed. 


Gold 
therefrom. 


Bate 
per ton. 


1899 


tons. 

3-00 


OSS. 

4*60 


OSS. 



Gauntlet, G.M.L. 483.— -The Guuntlet Lease was originally 
taken up in the year, 1898, by Mr. R. H. Mackenzie ; it comprises 
an area of 12 acres, and has been responsible for a yield of 3,693ozs. 
of gold, or 2*86ozs. for everv ton of ore milled up to the close of 
1903. 

The surface of the lease is occupied by greenstone schists and 
allied rocks, whilst skirting the southern boundary is a continuous 
and conspicuous band of laminated quartz about 10 feet in 
thickness. The foliated greenstone contains large crystals of iron 
ore, identical with those weathering out of the massive variety. 

There are practically four principal reefs, i.e., reefs upon which 
any work has been done, on the ground, the longest having a 
length along the outcrop of at least £)0 feet, and the shortest about 
100 feet (Plate V.). When the position of the reefs is accurately 
laid down upon a plan, it is noticed that they exhibit, with minor 
variations, a rude parallelism, the general strike being north-west 
and south-east, which coincides with that of the foliation and 
dominant structural features of the district. About 45 feet north 
of the band of laminated quartz is a fairly continuous quartz reef 
outcropping for about 500 feet from the north-western boundary of 
the property. This reef attains a thickness of about two feet in 
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places, though as a rule very thin, it is perhaps the one which 
exhibits the greatest linear persistence ou the lease. 

The SoiUk Beef, — The South Reef, which has been opened up by 
means of a tunnel and several small open-works, can be traced across 
the surface for about 140 feet. The tunnel has been driven about 
31 feet in a southerly direction ; at its mouth the reef, merely an 
exceptionally large lenticular mass of quartz, the maximum thick- 
ness of which measures 2 feet 3 inches, has been exposed. The 
country rock in the tunnel is decomposed schist, with small 
lenticular "eyes" of quartz developed along shear planes. The 
open-works on this line merely expose a similar succession of quartz 
lenticules. In view of the fact that their mode of occurrence is 
identical with those on that important line, Eopcke's Leader (q.v.), 
and that they are said to be appreciably auriferous, this line would 
seem to merit a certain amount of judicious prospecting. 

The Main Beef,— As developed to the south of the main shaft, 
from which it is distant 40 feet, the main reef has a continuous 
outcrop c»f 132 feet; the.«astem end of the outcrop originates as a 
mere thread of quartz, which (gradually increases in size until it 
reaches a maximum thickness of 10 feet. At the western extremity, 
where it is truncated by a fault, to which reference will be made 
later, the reef is about six feet in thickness. As shown in the 
large open cut at the surface, the main reef is intersected by two 
faidts, making an angle of about 55 degrees. What may be called 
the main or cross fault has a general strike of 163 degrees, and the 
strike fault, 110 degrees. Pis?. 10 shows what may be called the 
" compound " nature of the reef as exposed in the open cut, the 
tmmel, and the lowest portion of the workings at the present time. 
There is a total thickness of about 16 feet of quartz exposed in 
the open cut, 14 feet in the tunnel, and about 12 feet at the 
bottom workings. The main reef has been opened up by means of 
a vertical shaft (the main shaft) 126 feet 6 inches in depth and a 
tuimel 168 feet in length. The ahaft, which is eight feet by four 
feet, intersected the reef at 101 feet from the surface, and had been 
carried down through a foliated green rock. East and west drives, 
95 and 201 feet respectively, have been put in at 101 feet ; at 116 
feet in the shaft is water level, of which there is 10 feet standing. 

The tunnel has been put in at a point 85 feet west of the main 
shaft, about 20 feet vertioilly below it, and intersects the bottom of 
the open cut previously alluded to. At about 32 feet from the 
mouth of the tunnel a winze has been carried down along the plane 
of the fault to the western end of the drive from the main shaft 87 
feet vertically below the level of the floor of the tunnel. Fig. 
10 is a section of the reefs, etc., seen in the tunnel at the foot 
of the open-cut. From this point the tunnel has been carried 
through foliated country rock, with quartz leaders; on nearing 
the face of the tunnel the schist becomes much more siliceous, 
suggesting the proximity of the laminated quartz vein which 
occupies the surface of the southern boundary of the lease. 



The whole of the stone has been taken out from the floor of the 
tunnel to the surface, 38 feet vertioallj above it, and from this spot 
practically the whole of the 8,693oz8. of gold, as shown in the return 

Pio. 10. 




SECTION OF THE GAUNTLET MAIN REEF 
WARRAWOONA PILBARA G.F 



appended, was obtained. From what can be seen in this portion 
of the mine, it appears that the ore chute lies in, or in close proximity 
to, the acute angle formed by the two principal faults alluded to 
previously ; the positions of these are delineated on the plan of the 
reefs and underground workings (Plate V.). 

The main reef has been met with in the west level, opened out 
from the end of the crosscut, 88 feet in length, south from the main 
shaft.. The reef first makes its appearance as a mere thread of 
quartz at a point in the drive 28 feet east from the centre of the 
crosscut; at this spot it measures from six to eight inches 
in thickness, and gradually increases towards the face. At 
one point in the drive the' reef measures fully eight feet of 
solid quartz; powerfully slickensided faces on the foot- wall 
demonstrate that the reef occurs along a line of fault. The 
slickensides hade iu the same direction as the underlay of the 
reef, to the northwards. The end of this level intersects the winze 
from the tunnel overhead, and has been carried down 16 feet 6 
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inches from the floor of the diiv^. At the mouth of the ?nn2e 
the main reef measures three feet nine inches ; whilst at its foot it 
is four feet eight inches, with a thin band of schist. Thirteen 
feet from the north face is a second reef of 24 inches, separated from 
a tbird of three feet by ten inches of schist. This section agrees in 
the main with that occurring in the tunnel at the foot of the 
op€n cut, in that there are three bodies of quartz separated by 
Tarring thicknesses of schist. The main fault leaves the south 
drive at a point 26 feet from the foot of the winze on the eastern 
wall, and does not appear to have been followed. The drive is 
continued about 22 feet from this point on the western wall of the 
fault through schist containing thin ribbons of quartz and small 
cubical crystals of pyrites. An important feature in this winze is 
an almost horizontal fault, or thrust plane, hading to the north at 
about five degrees, with a horizontal displacement of from 12 
to 18 inches to the rise. The fault Assure measures less than six 
inches filled with quartz, which may merely represent a flat leader 
of secondary origin. The floor of the drive, as ascertained by a 
trench put in across the midlock with which it had been filled, 
showed that the reef occurred below the horizontal fault. Free 
gold is showing freely in the solid stone [5786]. The bottom of 
the winze is at water Wei. 

The main fault traverses the whole breadth of the lease, and 
abruptly truncates a bold reef lying some distance north of the 
north-eastern boundary of the property. There seems to be good 
reason to regard the reef lying to the west of the fault, and about 
120 feet from the mouth of the tunnel, as being the western extension 
of the main reef. This reef lies near the centre of the lease, and 
makes a bold outcrop of nearly 300 feet in length ; it is, in places, of 
considerable thickness, and the general mineralogical character of 
the quartz agrees very closely with that which forms the main reef 
itself. This possible extension of the main reef, more especially 
wliere it is truncated by the fault, has not been prospected. I 
understand appreciable quantities of gold have been obtained there. 
There are two other smaller reefs, shown on the plan (Plate V.), in 
close proximity to this one ; these also have not been prospected. 

The East Beef, — The East Beef, as showing on the surface, has 
an outcrop of 275 feet in length, and a width of about eight feet in 
its widest part ; both ends of the outcrop are represented by thin 
threads of quartz. The reef has been opened up both from the 
main shaft and the east shaft, which is 95 feet in vertical depth, 
and has been sunk on the reef the whole way. The reef makes its 
appearance in the eastern drive from the main shaft at a point 
about 50 or 60 feet from the eastern shaft, where it is represented 
by a thread of quartz, which gradually increases in thickness 
until it occupies the full width of the roof of the drive, 
and attains a maximum thickness of eight feet. There is at 
this level a blank space of about 50 feet between the end 
of the main and the east reef, though at the surface the 
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extent of dead ground is not so gpreat. At the surface the 
two extremitiefl of the reef are about 14 feet apart in a 
direction at right angles to the underlay, and, underground, at 100 
feet verticallj below, the distance is barely 10 feet. Beyond the 
stone taken out of this reef in sinking the shaft, driving the level, 
and a little from the small open cut on the surface, no further 
work has been done. The foot of the eastern shaft also exposes a 
reverse &ult, Fig. 11, which has a throw of about two feet, and a 
hade of 35 degrees to north 76 degrees east.* The quartz exposed 
in the shaft averages about three feet in thickness. 

Pig. 11. 




SECTION OF A REVEftSC FAULT IN THE GAUNTLET 
MAIN lUEEF AT N^l LEVEL. WARRAWOONA PILfiARAGf 



The North Beef. — The North Reef lies on the opposite side of 
the valley which traverses the central portion of the Gauntlet lease 
longitudinally, at a considerable elevation above the lowest portion 
of the ground. The reef outcrops at an average distance of about 
90 feet from the north-eastern boundary of the lease, and occupies 
the surface for a distance of about 440 feet. The north-western 
end of the butcrop of the reef bifurcates, with an extension of the 
reef to the north-east of about 40 feet. At this point the stone, 
which is about four feet thick, is abruptly truncated by a fault, 
which also cuts off a larger reef, 160 feet in length, at a point about 
200 feet to the south-east. This latter reef makes a very pronounced 
outcrop, and is of considerable thickness. A vertical shaft. 29 feet 
deep, has been sunk at a point near the thickest portion of the north 
reef, but beyond this no other work has been done upon it. 



* By an error Fig. 11 gives the Mction as being in the main reef, whereas it ahonld 
be the east reef. 



The following table gives the yield of this lease, the gold 
liaring been entirely derived from the stone occurring at the faulted 
«xtremitj of the main reef : — 

Table showing the Yield of the Cfauntlet Beef, 



Y«r. 


Ore 


Gold 


Bate 


cnuhad. 


tbAreftom. 


pwton. 




tons. 


OSS. 


OSS. 


1898 


10620 


480-00 


4-06 


1800 


160-10 


78616 


400 


1900 


872-00 


2^69-00 


2-60 


1901 


136-60 


288-06 


1-74 


1902 


24-60 


10-46 


•70 


1908 


NU 


Nil 


mi 


Total 


iSardO 


3,68365 


2-86 



Klsqatibx, G-.M.L. 491. — An abandoned lease, adjoining the 
Oaantlet, on the south. The property is traversed by two reefs, 
tipon which a little desultory work has been done. A small 
<arQshing, particulars of which are given below, has been obtained 
from tMs lease. 

Table showing the Yidd of the EangaHra Beef 



T«ur. 


Ore 
crashed. 


Gold 
tJierefrom. 


Bate 
per ton. 


1809 


tons. 

850 


ois. 

615 


OSS. 

■60 



Gauhtlbt East, G.M.L. 660. — The north-western boundary of 
thig lease is traversed by what may be the faulted extension of the 
East Reef of the Gauntlet. An inaccessible vertical shaft has been 
sank upon it, but nothing can be seen of the reef and its behaviour 
underground. To the eastward and not far to the west of the 
Treble Event boundary, a tunnel 55 feet in length has been driven 
on a bearing of 296 degrees, through a fiine-grained quartz schist 
[5780] traversed by a deposit of the leader type. Nothing, however, 
beyond this has been done on the property. 

There do not appear to have been any crushings recorded from 
this lease, unless such are included in the yield of those from 
sundry claims. 

ImpbbiaiiIBT, G.M.L. 564.— The Imperialist reef lies about 400 
feet to the south of what may be called the main reef series of 
Warrawoona. The reef can be followed more or less interruptedly 
along the surface for a distance of at least 2,200 feet south-east, 
and as may be seen by an inspection of the Geological Sketch Map 
(Plate m.), there seems to be good reason to beUeve that it may 
extend much further than this. 
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The Imperialist has been exploited bj three principal shafts, 
all of which are situated near the western extremity of the outcrop. 
No work was being carried out at the date the property was visited 
and the main shaft had been dismantled. 

The westernmost shaft (now filled in) is situated near the 
western extremity of the outcrop of the reef, which at this point 
strikes 101 degrees. Judging by the condition of the dump and 
the workings a fair amount of work must have been done from this 
shaft. Between this point and the Central shaft, 114 feet distant, 
the reef has been opened out at one or two plaises, and about 12 
inches of quartz exposed. A considerable amount of work has 
obyiously been done from the Central shaft; this shaft, which 
exposes from 6 to 12 inches of quartz, is inaccessible. The main 
shaft bears 97 degrees from the Central, and is 83 feet distant from 
it. Water stands in the shaft at 80 feet from the surface. The 
quartz lying at the mouth of the shaft contains fragments of ser- 
pentine [6775] — a sample of this quartz yielded, on assay in the 
Survey laboratory, gold at the rate of Idwt. 15grs. per ton — and 
large veins of calcite [5776], some of which are 12 inches in thick- 
ness. The calcite yielded a minute trace of gold per ton. The 
country rock of the reef is [5777] a talc-chlorite schist. The quartz 
of the Imperialist, so far as may be judged by the stone in the 
dump, seems to be a replacement of the country rock. 

Near the north-east angle of the lease is another parallel reef 
of from six to eight inches in thickness, upon which a fair amount 
of work has been done. The reef has been stoped out to the surface 
from a depth of 20 or 30 feet ; the workings, however, are inaccessible. 
The country rock is schist of the prevailing type. The quartz is 
traversed by a small vein of calcite. There are three other more or 
less parallel reefs in the vicinity of the Imperialist, but no work 
appears to have been done upon any of them. 

The following tuble gives the yield of the Imperialist reef :— 

Table showing the Yield of the ImperioMst Beef. 



Tear. 


Ore 
oraahed. 


Gold 
therefrom. 


Rate 
per ton. 


loW ... ... ... 

1900 

1901 

1902 

1903 


tons. 

163-75 

867-50 

17-50 

Nil 
14700 


OZ8. 

214-01 
889-20 
26-30 
NU 
181-07 


ou. 
1-80 
105 
1-50 

1-23 


Totals 


60575 


810-58 


116 



Treble Event, G.M.L. 573.— This six-acre lease adioins the 
Dodger on the west. Two apparently deep shafts have been put 
down upon what appears to be the north-western extension of the 
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J)odger Beef. Nothing, however, can be seen of the reef at the 

Cast time. A small trial crushing, of a little over three tons, 
been recorded from this reef in 1^)2, with the results as shown 
in the table below : — 

Table Bhowing the Yidd of (he Trelde EvmU Beef. 



^^- i croBhed. 


Gold 

tb«re£rom. 


Bate 

per ton. 


1902 


tons. 

3136 


on. 

400 


osa. 

1-23 



DoDOBB, G.M.L. 587. — Two shafts have been sunk on a reef, 
▼hich lies a short distance to the north of the laminated quartz 
Tein, and parallel to it, but at the present time nothing can be seen 
of the nature of the reef and its behayiour underground. 

Klokdtkb Boxtlbbb Blook, G.M.L. 577. — No work has 
sppaientlj been done upon this property, which was evidentlj 
taken up with the object of intersecting the Klondike Boulder 
OroQp of reefs at depth on the underlie. 

Pbihcbsb of Alaska, O.M.L. 489. — This is an old abandoned 
lease which included within its boundaries the three leases 573, 587, 
and 577. Two small crushings have been recorded from this in 
1898 and 1899, but there is, however, nothing to indicate at the 
present time whether the stone was obtained from the Treble 
Brent, G.M.L. 573 (q.v.), or the Dodger, G.M.L. 587 (g.t;.). 



Table showing the Yield 


of the Frinceae of Alaska Reef, 


Tear. 


Ore 

cnuhed. 


Gold 

therefrom. 


Bate 

per ton. 


1898 

1899 


tona. 
11-00 
2900 


oma. 
38-66 
3706 


osa. 

805 

1-27 


Total 


40-00 


70*61 


178 



Klovbtkb Bouldbb, a.M.L. 604 (late 476).— This 12.acre 
leue, which has turned out 2,356ozs. of gold, or at the rate of 
2'40oM. per ton of ore milled, was originidlj granted to Messrs. 
Hall and Gook in the year 1898, and was numbered 476. The 
hase was subseguentlv re-numbered 604 on its being conditionally 
iorrendered in 1901. * 

A considerable amount of work has been done upon the 
Fopert^ since it was first exploited, but at the date the locality 
^vis visited, the lease being under exemption and the main working 
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full of water, access underground coiild not b6 obtained; there 
appear to be no plans of the workings, hence no information as to 
the nature and behaviour of the reef below surface is available. 

As may be seen by an inspection of the Geological Map 
(Plate III.)t it will be noticed that the surface of the lease is occupied 
bv greenstone schist ; the north-eastern portion of the ground is 
traversed by a narrow but persistent band of very much sheared 
greenstone, which forms a very pronounced feature on the surface. 
This band lies about an average distance of 100 feet south of the 
conspicuous laminated quartz vein which traverses the field. 

All the reefs lie to the south of the laminated quartz vein ; 
thev, however, do not occur in that zone which embraces the Bow 
Bells and the Gauntlet reefs. The Klondyke Boulder reefs present 
many features in common with those of the two properties men- 
tioned above. The position of the reefs, etc., is shown on the plan 
which forms Plate VI. 

There are two distinct types of ore deposits on the property, 
the most persistent being that which may be conveniently termed 
the leader, which trends generally north-west and south-east, and 
has an outcrop of not less than 650 feet ; the second type being 
that of the main reef, which has a much more westerly trend than 
that of the leader. 

The Leader has been opened up at six or seven places on the 
lease, but in only one spot (E) does any very serious attempt 
appear to have been made to exploit it. At this spot a vertical 
shaft had been put down on a snear plane underlying at a very 
high angle to the south-west. The shaft proved to be inaccessible; 
but from what could be seen on the south-eastern wall the reef 
consisted of eye-shaped masses of quartz encased in slickensided 
faces of older quartz, about three to four inches in thickness. 
There is every geological reason for believing that this reef is merely 
the north-western extension of Kopcke's leader (^.v.). 

The Main Reef consists of a vein of quartz, having an outcrop 
measuring about 130 feet in length; it has been worked by mean* 
of two shafts, B and C. Shaft B measures 25 feet in depth, and 
from it is an open cut 83 feet in length, in which a somewhat 
tortuous quartz reef is exposed ; little, however, is to be seen of it 
at the present time, though in one place there is about 12 inches of 
quartz exposed. At the south-west end of the open cut, and about 
three feet from the main reef and on the north side of it, is a large 
lenticular mass of bluish-white quartz several feet in thickness. Its 
position is shown on the plan of the reefs forming Plate VI. Theie 
seem good reasons for believing the main reef and this lenticular 
mass of quartz to be separated by a fault hading to the north. 
Between this lens and shaft E is another boomerang (kylie) shaped 
mass of quartz about 80 feet in length. Shaft C, 21 feet north- 
wards from B, is also inaccessible. Water is standing in the shaft; 
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to the top of the water is 84 feet. About 55 feet north-west from 
the shaft B is another vertical shaft 44 (p) feet deep, sunk with the 
intention of working the small reef, shown on the plan, outcropping 
for about 50 feet, and lying a little distance to the south. 

To the novth-west is a tortuous reef, which occupies the surface 
for about 140 feet. The reef, which is well seen in the open cut, 
along its outcrop is traversed bj two faults, as shown on the plan 
(Plate YL). The southernmost fault is continuous in a south* 
«uteriv direction and probably extends as far as that which 
trancates the reef outcropping at A, referred to later on. 

At A is a quaorts reef of three feet ten inches in thickness and 
70 feet in length, cut off bj an almost north and south fault. This 
knit, which is exposed in a shallow shaft nine feet deep, underlies 
in a direction north 65 degrees east at an angle of 24 degrees. A 
section is given on Plate VI. showing this fault ; it is, however, 
taken across the reef and not in the direction of the true dip. 
There Beem good grounds for believing this to be a reverse i&u\t. 

The main shaft workings are inaccessible, hence there are no 
data as to the nature, thiclmess, and other cognate points of the 
leef. 

The following table shows the yield of this property : — 



Table showing the Yield < 


9/ the KlandyJce Boulder Reef. 


Tear. 


Ore 


QM Bate 


cnubsd. 


therefrom. per ton. 




tosui. 


OZB. 


ose. 


1898 


90-45 


87914 


419 


1899 


262-46 


526-28 


200 


1900 


25871 


486-55 


1-72 


1901 -.. 


92-50 


287-60 


310 


1902 


810o 


159-66 


1-97 


1903 


19800 


66700 


2-86 


1904 


3800 


94-71 


2*49 


ToiMl 


i,ei6i6 


2,450-93 


2-I1 



Wmbl of Fortune, G.M.L. 611 (formerly G.M.L. 671, and 
Dawson City, G.M.L. 477). — There are two well-defined reefs on 
the property, both of which lie some distance to the north of the 
conspicuous laminated quartz vein which occupies the southern 
boundary of the lease. Several shafts have been put down, to 
depths not known to me, upon that well-defined quartz reef, which 
lies about 100 feet north of the laminated quartz vein. In August, 
1898, Mr. Inspector Gladstone mentions the depths of three of 
these shafts as being, respectively, 50, 35, and 50 feet, the latter one 
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being on a reef three feet in thickness. The reef, as exposed at the 
surface, is of that bluish*white colour, which characterises the reefs 
of Bow Bells and Gauntlet types. 

Some of the quartz [5791] contains quantities of the red oxide 
and the green carbonate of copper, together with films of seridtic 
mica and a little serpentine. A sample of the characteristie 
cupriferous yarietj [67S1] assayed in the Survey laboratory : sold, 
4dwts. 2grs. per ton, and copper l'2d per cent. There have been 
four crushings recorded from this property, details of which are 
given in the table below : — 

Table showing the Yield of the Wheel of Fortune Reef. 





Taw. 


Ore 


Gold 


Bate 




enuhad. 


th«iefiom. 


portm. 






tons. 




OSS. 


1808 


... t.. 


26*60 


6*90 


•27 


1890 


... ... ... 


Nil 


NU 


... 


1000 


... ... 


96-60 


99-96 


1-08 


1901 





16-60 


11-60 


•70 


1902 


Totals 


67-75 


181-60 


1-94 




206-36 


2401X> 


i-a 



Nblson, O-.M.L. 514. — A shallow shaft has been sunk upon a 
prominent east and west reef, situated near the north-west angle of 
the property, but very little work ajppears to have been done upon 
it. A smaU trial crushing was obtamed from this reef in the year 
1898, with the result as shown in the table. 



TahU showing the Yield of the Nelson Beef 


Year. 


Ox« 
crashed. 


Oold 
therefrom. 


Bate per 
ton. 


1898 


tone. 

1-36 


OEB. 

6-20 


on. 

4-23 



Klondtkb No. 1 Wbst, G.M.L. 578 (formerly Klondvke No. 1, 
G.M.L. 474). — The leader, lying to the south of the laminated 
quartz vein, traverses the whole length of the property, and all the 
work done on the lease appears to have been concentrated on it 
Two inaccessible shafts have been put down on the leader, but at 
the present time there is nothing to be seen of anything imderground. 

Writing in 1898 Mr. Inspector Gladstone mentioned that the 
one shait then sunk had attained a depth of 60 feet, and exposed 
" a rich leader with three-feet lode formation." 



95 

The official returns shown in the table below demonstrate that 
the Jeader was rich, crushing nearly at the rate of 4Joz8. per ton. 

TahU showing the Yield of the Klondyhe No. 1 West 
Reef. 



^•'- crushed. 


Gold 
tberefrom. 


Batep«r 
ton. 


Ill 


tons. 

500 
14-95 
2305 


ou. 

37 77 
63-20 
88-70 


ou. 
7-55 
4-22 
3-84 


Total 


43*00 


1W07 


i'il 



Klondykb Block, G.M.L. 507.— This 18-acre lease lies north 
«f, and adjoins the Klondjke property. Six well-defined reefs 
traTerse a portion of the property, but no serious work seems to 
\axe been done upon any of them. Two of the reefs are of the 
blaigh colour which characterises the quartz of the fiow Bells and 
Gauntlet reefs. 

A crushing of 87 tons has been recorded in the year 1898, the 
yield of which being shown in the table below : — 

Tahle showing the Yield of the Klondyhe Block Beef, 



TeMT. 


On 
cniBhBd, 


Oold 
therafrom. 


Bate 
per ton. 


xckId ... ••• •<• ••• 


toss. 

3700 


ou. 

78400 


ou. 

30-65 



Elondykx, G.M.L. 473 (now called the Klondyke Queen, 
G.tf.L. 627.) — ^The Klondyke Lease comprises an area of six acres, 
and was originally taken up by Messrs. Poutt and Corboy in the 
year 1898 ; it eventually passed into the hands of the present 
owners Messrs. Boyer and Elliott some time during the year 1903. 
This lease, as may be seen by the geological map, occupies the same 
tone as that which embraces the Klondyke Boulder mine, G.M.L. 
M4, from which it is distant 28 chains to the south-east. The 
surface of the property is occupied by the quartzitic rocks, and is 
trarersed by the oonspieuous vein of laminated quartz which forms 
the backbone of the district. 

Judging by the condition of the surface a fair amount of work 
must hare been done upon the lease ; according to the official 
records 706*75 tons of ore have been raised, which yielded 
i70076ozs- of gold, or at the rate of 6'65oz8. per ton of stone 
crushed. 
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When the property was visited the lease was not being 
worked, and owing to there apparently being no plans of the 
workings, very little information as to the nature and behaviour of 
the deposits is available. The Klondyke reef, as may be seen by 
the geological map, lies a little distance to the north of the leader. 

The Main Beef enters the lease on its eastern boundary, wher& 
it has been open cut for about 27 feet ; there is about a foot of 
quartz now showing. To a point about 117 feet east of this the 
reef has hardly been touched, it measures, however, four feet across ; 
at this point is the mouth of a tunnel, put in along the reef for a 
distance of at least 800 feet. Seventy-two feet from the mouth of 
the tunnel is a winze, inaccessible at the present time, and said to 
be 90 feet ; at this point there is 12 to 14 mcbes of quartz exposed 
over-head in the tunnel. The chute of gold followed from the 
mouth of the tunnel and by the winze is said to be 40 feet wide, 
with an underlay to the west. The reef has been practically stoped 
out to the surface to a point from the floor of the tunnel, about 
129 feet from its mouth. 

A vertical or main shaft connects with a point a few feet to 
the south of the drive, at a distance of 258 feet from the entrance 
to the tunnel. Judging from the condition of the workings, the 
tunnel did not follow the main reef, but merely a thin spur going 
off to the west. 

Free gold is showing in the stone on the outcrop at a point 
about 50 feet west from the main shaft. 

The following table shows the yield of the Klondyke Reef : — 
Table ihovring the Yield of the Klondyke Beef. ' 



T«Rr. 


0X9 


Gold 


Bate 


orusbed. 


thtoetrotfL 


por ton. 




tons. 


OSS. 


OSS. 


1898 


6800 


886-00 


18-27 


1809 


M700 


1,768-86 


5-06 


1900 


144-60 


1,666-20 


10-88 


1901 


86-75 


294-40 


8-89 


1902 


66-50 


246-30 


3-74 


1903 


Nil 


NU 




1904 


25-00 


88-64» 


3-84 


Total 


73175 


i,7M'40 


6*53 



* InclndM 7-S30S8. obtained by oTsaidinff 9 tons of sends, the 
balance being returned from what is now known m the Klondyke 
Queen. G.M.L. 027. 

Klokdtkb No. 1 East, G.MX. 480.— This six-acre lease 
adjoins the Klondyke on the east, and is traversed by the leader, 
which crosses the whole length of the property. 

A tunnel has been put in eastwards from the level of the 
creek, for an unknown distance, on a reef which bears 287 degrees 
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90 minuteB. Farther east along the outcrop is a Tertieal shaft 
32 feet in depth, designed to connect with the tunnel below. Tlbe 
reef, as exposed on the surface, is about two feet in thickness. From 
its relative position there are oood grounds for believing this reef to 
be the eastern extension of the Elondjke. There do not seem to 
have been any crushings from this property, unless such are 
inchded in returns from Sundry Claims. 

Bbouoht to Light, G.M.L. 516. — This three-acre lease lies 
within that zone which includes the Bow Bells and Gauntlet Reefs. 
There are four well-defined reefs outcropping on the property, but 
upon one only has any work been done, viz., that near the noith- 
west angle of the adjoining lease number 515. This reef has been 
opened out along the outcrop for a distance of 50 feet, and in the 
open cut a vertical shaft 21 feet in depth has been sunk on the 
reef, which is about 12 inches in thickness. So far as can be seen 
^ reef appears to have petered out at the foot of the shaft. 

A small crushing of a little over eight tons has been recorded 
from this reef, and its yield is shown in the table below. 

Table shaunng the Yield of ihe Brought to Light Beef. 



T«ur. 


Om 

cnufaisd. 


Oold 
thenCronu 


Bate 
p«rton. 


1809 


tons. 

8-75 


oza. 

7-96 


OXI. 

-00 



Thb Eablt Mobk, G-.M.L. 515. — There are two or three well- 
defined reefs outcropping on this property, but upon none of them 
Itts tny work been done. 

Klonotxb No. 2 East, G.M.L. 481. — ^This lease adjoins the 
6.M.L. 478 on the north-west, and, like it, is traversed along its 
▼bole length by the leader. This, which occupies the southern 
portion of the property, has been opened out in one or two places. 

A tunnel, the mouth of which is 35 feet north of the leader, and 
at a slightly higher level, has been put in, through vertical decom- 
posed schists, for a distance of o4 feet, on a bearing of north 85 
degrees east. With the exception of a few irregular quartz leaders, 
nothing of any importance seems to have been met witn. A vertical 
shaft, designed to intersect this tunnel, was commenced, but after 
being carried down 10 feet work was abandoned. A second tunnel, 
20 feet in length, has been put in at some distance from the longer 
one, but so far nothing is to be seen. There are two other reefs 
lyinc^ to the north of the leader, but nothing has been done upon 
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There seems to have been no crushings recorded from this 
lease, unless any such are included in the returns from Sundry 
Claims. 



Admiral Dbwbt, O-.M.L. 500. — This twelve-acre lease is 
situated due south of and adjoins G'.M.L.s 478 and 481. There are 
several reefs traversing the property, the most conspicuous and 
persistent being that which outcrops along the southern boundary of 
the lease. The outcrop of the reef is interrupted in two places, as 
ma J be seen by an inspection of the plan. The country rock of 
these reefs is greenstone schist of the prevailing type. The only 
work carried out on this property is near the centre of the northern 
boundary, where a trench 16 feet long has been put in across the 
summit of a narrow ridge to a depth of four or five feet, in which 
an irregular network of quartz veins and leaders is exposed. The 
strike of the leaders is parallel to the enclosing schists. 

There appears to have been only one crushing recorded from 
this lease, as shown in the return. 

Tahle showing the Yield of the Admiral De^juey Beef, 



T«r. 


Ore 
onulMd. 


Ck>ld 
tharefzom. 


Bate 
pwton. 


1898 


tons. 

845 


OSS. 

465 


' OSS. 

-63 



Klondykb EiNo Blocks No. 1, G.M.L. 511. — This lease lies 
due north of and adjoins G.M.L. 678!; it is traversed bj two well- 
defined reefs, which lie within that tone, embracing the Qauntlet 
and the Bow Bells reefs. 

No work of any kin'd, however, has been done upon these reefs. 

Elondtkb Eino, G.M.L. 478. — This six-acre lease adjoins the 
Elondyke Queen on the west, and, like it, is traversed by the leader, 
as well as two other reefs of minor importance on the north. The 
property, however, has long since been abandoned, though a fair 
quantity of work has apparently been done upon it. 

A tunnel 44 feet in length has been put in on a bearing of 27 
degrees through the schists to the leader, which has been connected 
with the surface by a shaft 31 feet deep. The workings from the 
tunnel are connected with another shaft 24 feet deep, and situated 
48 feet to the west. 

The leader, so far as it can be seen, does not present any 
essential points of difference to thai: in other portions of the field. 

Klovdtkb Queen, G.M.L. 488. — The leader traverses the 
whole length of the lease on the southern flanks of the laminated 
quartz vein, but the former does not appear to have been opened 
out at all. The only work done upon the property is the sinking of 
a vertical shaft 32 feet deep on a very short east and west reef 
situated at a point 54 feet north of the* laminated quartz vein. An 
open cut extends south from the vertical shaft and exposes decom- 
posed country rock of the prevailing type. 



The onlj cnuihing recorded from this lease matt haye been 
takeo from the east and weet reef, preyioudy alluded to. The 
letams are shown in the table below : — 

Table showing the Yield of the Klondyke (iueen Beef. 



Tmr, 


Om 
oroalMd. 


Gold 
tlMnfrom. 


Bats 
psrtOB. 


1898 


tons. 

9t» 


OSS. 

1876 


OM. 

i-as 



Kloitdtxx Qubbn Extxndbd, G.M.L. 503. — A small three- 
acre lease, adjoining the Dead Camel, on the north-west. The 
npoperty is trayersed by the north-western extension of the leader, a 
mir amount of work haying been done along its outcrop, but oxdj 
to a yeiT shallow depth. There appear to miye been no crushinffs 
recordea from this property, unless such are included in l£e 
returns from Sundry Claims. 

To the south of G.M.L. 503 is a faulted inlier of quartsite, in 
the form of a large attenuated lens, of considerable length but no 
g^reat breadth. This, howeyer, is too small to be shown on the 
geological map accompanying the report. 

Dbad Camxl, G.M.L. 475. — ^The *' leader" is continuous 
through this property, and has been worked for about 100 feet 
along the outcrop. 

A yertical shaft 91 feet in depth has been sunk at one point 
on the outcrop. Below a depth of 84 feet nothing can be seen of 
the leader, owing to the shaft being filled in. At the foot of the 
ahaft, so far as can be at present seen, the reef is of the usual lens- 
ahaped type : the lenses being up to eight inches in thickness, and 
vp to 18 inches in depth. 

Free gold is showing in the stone, in addition to pyrites and 
galena [5786] and serpentine. 

In addition to the leader there are two other quartz reefs on 
the property situated on the north side of the laminated quartz 
yein, but no work has been done upon them. 

The returns from this reef are shown in the table below. 
Tabu shotoing the Yield of ihe Dead Camel Beef, . 



Y«sr. 


Ore 
omshed. 


Gold 
theieCrom. 


Batep«r 
ton. 


1898 

1899 


tons. 
2-60 
16-26 


OSS. 

9-10 
64-40 


OSS. 

8-64 
8-84 


Total 


1875 


63-60 


8» 



100 



Saint Gbobge No. 1 West, G.M.L.498. — ^Thereof outcropping 
in the Saint George traverses the eastern portion of this lease, bat 
little is to be seen. Mr. Inspector Gladstone reports that " an 
open cut has been worked on the reef. Two shafts have been 
started and are down* about 10 feet. The reef here is two feet six 
inches thick." 



Saint Gbobgb, G.M.L. 493.— The 12-acre lease, the Saint 
George, lies some distance to the north of the leadlbr, and has 
evidentlj been abandoned for some considerable time. There has 
evidently been a good deal of work done on the reef at one time or 
anothJBr. Little or nothing, however, can be seen at the present 
time. Mr. Inspector Gladstone's report, previously alluded to, 
makes reference to this property in the following terms : — " This is 
one of the best of the eastern leases on the line. One shaft is down 
45 feet, with an open cut about 20 feet. The reef varies from 10 to 
15 inches and is very rich in gold. The first crushing gave llOozs. 
of gold from 11 tons of quartz." The quartz as showing in the 
face of the open cut near the shaft is pure white and about one foot 
in thickness. 

The following table gives the yield of this reef : — 

Table showing the Yield of the Saint Oeorge Beef. 



Tear. 


Ore 


Gold 
therefrom. 


Bate 
per ton. 


1«98 


tont. 

aooo 


on. 

134*00 


OSS. 

6*90 



Saint Gbobob No. 1 East, G.M.L. 499.— Very little work 
has been done on the reefs traversing this property. There are 
about three shallow pot-holes, from which about 3 tons of reputedly 
rich stone have been unearthed. 

Last Chance, G.M.L. 640. — An abandoned lease. A fairly 
well-marked reef, from 12 to 18 inches in thickness, traverses the 
lease in a north-westerly and south-easterly direction, but beyond 
opening out the outcrop very little work appears to have been done 
upon it. The quartz is bluish-white, and contains a little pyrites. 



Band of Hope, G.M.L. 533.— An abandoned six-acre 
adjoining G.M.L. 540 on the east. The main reef traversing the 
adjoining property crosses the northern portion of the Band of 
Hope ; there are also two other veins to the south of it on the 
ground, trending approximately in the same direction, but no 
berious work of any kind has been done upon them. 

• AuriBt, 1898. 
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CiTBAir, O.M.L. 492. — A shnilar condition of affain pirerails on 
this property as on tiie Britannia. 

The leader, wbich trayerses the whole length of the lease, has 
been worked to a shallow depth along practically the whole length 
of the outcrop. At the present time no work is going on, and there 
is little or nothing to be seen. Mr. Inspector Okdstone's report of 
1896 mentions a Tertical shaft 20 feet deep, and allades to a trench 
120 feet in kngth along the outcrop of the leader. 

. The following table shows the yield of the leader traversing the 
lease, as obtained from official sources. 

Table $howing the Yield of the Cvhan Eeef. 



^*"' ! ertaahad. 

i 


Gold 
thoreerom. 


Bate 
per ton. 


1808 

18«9 

1900 


tOOB. 

6W 
18-20 
28-10 


OX8. 

1708 

74-38 

12400 


OCB. 

8<41 
4-08 
4-41 


TotaU 


61*30 


215*41 


419 



• Bbitankia, G-.M.L. 484. — An abandoned six-acre lease, ad- 
joining the Reward and G.M.L. 522 on the west. 

A good deal of work has been done along Kopcke's leader, 
but little can be seen at the present time. Mr. Inspector Glad- 
stone, writing in 1898, motions a vertical shaft 27 feet in depth, 
and a trench 160 feet in length : none of these are accessible at the 
present time, hence no description can be given. 

The following table gives the returns from this lease : — 



TcMe shovnng the Yield of the Britannia Beef. 


w 


Ore 

cmahed. 


Gold 


Bate per 
ton. 


1898 

1899 


tons. 
9-60 
9-60 


0S8. 

1983 
886 


ozs. 
•98 


Total 


1900 


2870 


1-51 



Kofckb's Ebwabd Block, G.M.L. 522.>— There are fonr 
short though wdl-defined reefs outcroppcng on this lease, but no 
work of anj kind has been done upon them. 
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Bewabd Claim 94 — A good deal of work seems to have been 
done upon this lea^e. The leader has been worked for a length of 
320 feet along the outcrop. There are two vertical shafts 80 feet 
apart. The western shait attains a vertical depth of 50 feet, and 
has been put down on the western end of a slope, along the footwall 
of the vein. At the foot of the shaft is a' quartz lenticule about 
three inches in thickness ; on the hanging wall side of the vein is 
about eight to twelve inches of ^laminated quartz, passing gradually 
into the softer decomposed (aluminous) country rock. The eastern 
shaft has been carried down to a vertical depth of 180 feet, but has 
been filled up to a depth of 100 feet. The largest of the quartz 
lenses exposed attains a maximum rhickness of 12 inches, and a 
minimum of a quarter of an inch. The quartz contains a little 
pyrites, green carbonate of copper, and a little calena, which latter 
occurs pretty well all along the leader. Free gold is showing in the 
stone at grass, of which there was about 40 tons awaiting crushing. 
The charges for crushing (30s.) and cartage (lOs.) amount to about 
£2 per ton. 

The following table gives the yield of this lease : — 



Table showing the Yield of Kopckes Reward Beef. 





Year. 


Ore 


Gold 


BatA 




crushed. 


therefrom. 


pertoa. 






ton*. 


OZ8. 


ou. 


1898 




3100 


160-59 


618 


1899 




67-85 


21006 


3 09. 


1900 




36-26 


101-75 


2-80 


1901 




46-25 


120-60 


2-73 


1902 




49-70 


14726 


2-96 


1903 




71-60 


166-25 


2-82 


1904 


Total 


4900 


125-38 


2-56 




351*55 


1,037-89 


296 



Whbnna-pai, G.M.L. 532. — A small three-acre lease traversed 
by the leader, upon which a little work has been done, but the 
workings are inaccessible. 

Datliqht, G.M.L., 496. — An abandoned six-acre lease adjoin- 
ing the Juneau on the west. 

A good deal of work has been done at different points along 
the outcrop of the leader, which. traverses the whole length of the 
property. A tunnel 45 feet in length has been put in eastward, 
close to' the eastern boundary of the lease, and exposes (juartz 
lenticules of the usual type. Mr. Inspector Gladstone, writang in 
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1898, noted the sinkiiig of a vertioal shaft 25 feet deep» but such 
was not accessible to me. 

Juneau, O.M.L. 479.— -An abandoned six-acre lease adjoining 
the Criterion on the west. The only work done is an open cut about 
120 feet in length put down to a maximum depth of 15 feet upon 
the line of lenticular quartz veins, the leader. As exposed in the 
open cut the width of one of these quartz lenses in two inches, and 
its depth 1 2 inches. About 100 feet south of the leader is a large 
ioe-Eke quartz reef parallel to it, and outcropping for about ido 
feet along the surface. . 

Two small crushings hare been recorded from this lease, par- 
ticulars of which are given in the table below. 



Tdble shomng the Yield of the Juneau Beef 



T^. 


Ore 
ernshed. 


Ok>ld 


Rate per 

ton. 


1898 

1899 


tons. 
5-76 
810 


OB8. 

6-66 

9-78 


oza. 
•9« 
1-20 


Total 


13-86 


16-33 


110 



CuiTERioN, G.M.L. 508. — This property, now abandoned, lies 
at the south-eastern extremity of the long line of leases which 
«xtend across Warrawoona. A tunnel has been driven for a 
distance of 74 feet on a bearing of 208 degrees through decomposed 
schist inclined at a high angle to the north. At the face of the 
tannel the main band of laminated quartz has been pierced. 
About a ;foot north from this is a quartz vein made up of small 
lenticales. Near the mouth of the tunnel is a vertical shaft 
measuring 29 feet in depth, but inaccessible at the present time. 
In addition to this and the tunnel, there are other workings, but 
&s these are likewise inaccessible, no -description can be given. 

Near the south-eastern boundary of G.M.L. 508 (? on Lease 
527, the Lucknow) is an open cut (50 feet in length, vaiying from 
to 10 feet in depth, from which a vertical lenticular sh&ped quartz 
reef (or succession of quartz lenticules) has-been extracted. This 
Tein is the eastern extension of Kopcke's Leader. This open cut 
exposes a quartz reef underlying at '30 degrees in a direction of 
south 30 degrees east; there is a length of about 15 feet 4 inches 
exposed. At the surface the reef is 12 inches in thickness, and at 
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the bottom of the open cut, where it abuta aguntt the leader, it b«t 
dwindled to four inches. 

Table shomng the Yield of the Criterion Beef. 



Year. 


Ors 

orushed. 


Gold 
th«teftom. 


Bate 
per ton. 


1898 

1899 


tons. 
800 
4-20 


OSS. 

8-80 
4-50 


OSS. 

-41 
1-07 


Total 


12-ao 


7-80 


163 



Lone Hand, O.M.L. 512. — The most easterly of all the leases 
embraced within the limits of the geological map. This property 
has been abandoned for some considerable time. Operations appear 
to have been confined to opening up a large and well-defined reef, 
which traverses the northern boundary of the property. The reef 
has been opened up in three places, along the outcrop, and where 
exposed, it varies in thickness from one to two feet. The quartz 
[9KS] is white, and contains the following minerals, the numbers in 

Cntheses indicating " their relative frequency : — muscovite (3), 
nite (3), malachite (2), pyrites (2),chalcopyrite (I), chalcedony 
(1), gold (1). In addition carbonate of iron is present in some 
parts. The reef which underlies to the south has a fairly long out- 
crop. 

SuNDBT Claims from the Dtbtbict obnekally. — In addi- 
tion to the yield of the reefs described above, there are several 
others which it is impossible to specify, and the returns from which 
are given in the table below : — 

Tahle showing the Yield from Sundry Claims^ Warrawoona. 



Tear. 


Or© 
crniihed. 


OoW 
therefrom. 


Rate 
per ton. 


1897 

1899 

1900 

1901 

1902 

1903 

1904 


tons 
600 

187-60 

12-20 

6-00 

22-60 

84-86 

70-45 


OSS. 

28-93 

C 200-82 

\ •5(yoo 

82-50 

600 

86-02 

C 882-67 

ifiad-ao 

tl88-46 


OZS. 

6-78 
1-07 

2-66 
1-00 
1-55 
8-91 

1-96 


Total 


387*60 


§773-20 


1« 



* AUaviaU t Specimens. t Fine Hold. § AlluTial an 

specimens not included in total grold* 
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Synoptical TMe 9kounng the YiM of the Wanrawaana 
Reef$ ftp to ih€ end of 1904. 






tons. 


OM. 


ozs. 


Admiral Dewey 


8-46 


4-66 


-53 


Bow Bella 


483-70 


866-69 


1-76 


fiow Bells Block No. 1 ... 


12-00 


10-60 


-87 


Britannia 


1900 


28-70 


1-61 


Brought to laght 


8-76 


7-96 


-90 


Camonstie 


45-40 


178-11 


3-92 


Chance 


400 


8-35 


2-08 


Criterion 


12-20 


7-80 


-68 


Cuban 


51-80 


216-41 


4-19 


Cutty Sark 

Dead Camel 


86-06 


59-10 


1-64 


18-75 


68-60 


8-88 


Gauntlet 


1,289-30 


8,698-66 


2-86 


Gift 


4406 


73-50 


1-66 


Golden Gate 


59-46 


124-50 


2-09 


Golden Gauntlet 


300 


4-60 


1-53 


Imperialist 


695-75 


810-58 


116 


Juneau 


13-85 


15-33 


1-10 


Klondyke 


731-75 


4,784-40 


6-53 


Elondyke Block 


3700 


76400 


20-66 


Klondyke Boulder 


1,01616 


2,460-93 


2-41 


Klondyke No. 1 West ... 


48-00 


189-67 


4-41 


Klondyke Queen 


9-90 


13-76 


1*88 


Nelson 


1-26 


5-29 


4-23 


Princept 


2-15 


500 


2-32 


Princess of Alaska 


4000 


70-61 


1-76 


Bangatira 


8-50 


6-16 


-60 


Eeward Claim 94 


351-56 


1,037-89 


2-95 


St. George 


20-00 


124-00 


6-20 


TomThnmb 


36-56 


164-66 


4-50 


Treble'Event 


3-26 


400 


1-28 


Wheel of Fortune 


206-35 


249-96 
r 773-29 


1-21 


Sundry Claims 


387-60 


^ •so-oo 

1 t433-30 


I 1-99 






^ 


Cyaniding 




:6-56 


... 


Total 


6,70001 


17,29418 


3-03 



* AnnTtel. t Spechnens. t Nine tons of aandt. 



C-MARBLE BAR. 

(With a Qeological Sketch Map and Section.) 

Marble Bar is the official centre of the Pilbara Goldfield, and 
the headquarters of the Warden, the Acting Inspector of Mines, 
and other officials. The relative position of the centre may be seen 
by a reference to the locality map which forms the frontispiece to 
this report. The locality derives its name from the picturesque 
"bar" of jasper which crosses the Coongan River, about two and 7 
half miles to the south-west of the township. The district has had 



a somewhat chequered career, and the feverish actmtj which at 
one time prevailed has given place to more prosaic conditions. 

The mining centre of Marble Bar forms the westernmost 
extension of that auriferous zone referred to bjb the Marble Bar, 
Warrawoona, Tandicoogina, and Mount Elsie G-roup.* 

A geological sketch map, to which is attached a generalised 
section across the field, designed to illustrate its salient structural 
features, accompanies this report (Plate YII.). As was the case 
in most of the other mining fields of the State, by far the larger 
portion of the area was practically a blank upon any of the existing . 
maps, operations had to be commenced by preparing a plan of the 
more immediate vicinity of the mines. 

Marble Bar lies close to what may be called the Main Range, 
which presents a fairly bold front to the eastward, and the country 
is drained by the Ooongan River and its tributaries — Duffers and 
Sandy Creeks. 

The Marble Bar centre presents features which link it 
geologically with Warrawoona and Yandicoogina. 

Since the first discovery of the field, about 16 years ago, 
Marble Barf has yielded 16,906* 74ozs. of gold, resulting from the 
milling of 8,407*20 tons of ore ; these figures give an average of 
l*93ozs. of gold per ton. In addition to these figures there have 
been officially recorded 2,082oz6. from unknown tons, and 82ozs. of 
specimens, thus bringing the total yield up to 18,470' 74oz8. 

The various formations represented consist of a series of schists 
and allied rocks, granites, greenstones, and certain volcanic rocks, 
which may possibly represent the Nullagine Series as referred to in 
the earlier pages of the report. 

The auriferous reefs of the more immediate vicinity of Marble 
Bar are embraced within a comparatively narrow belt of greenstone 
schist, running north and south, and which, as may be seen by an 
inspection of the Geological Sketch Map (Plate VII.), has a length 
of a little over three miles. 

The district has been subjected to a considerable amount of 
faulting, and wherever possible the position and extent of these 
faults have been laid down upon the map. 

General Geologry. 

The different rock masses have as far as possible been mapped, 
but it has not been found possible to do this in the same detailed 
way with regard to all the other rocks lying between Marble Bar 
and the Coongan River. 

* Bulletin No. 15, p. S3 ^e Mq. t i.e., the Marble Bar District as defined by the 

Mines Department, 
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Alluvial Deposits. 

Most of the watercourses in the district are occupied with a 
more or less width of alluvium, but in no case did these deposits 
attain any great thickness, nor are they of any economical 
importance. 

Schiflto. 

B^ far the largest portion of the district embraced by the 
geological map is mu&de up of schists, both acidic and basic, which 
bear a very strong resemblance to those occurring at Warrawoona. 

Some of the schists in the yicinity of Hospital Hill, and 
adjoining the road to Nullagine near the crossing of Sandy Creek, 
are associated with beds which have every appearance of being 
transmuted quartzites and conglomerate. Much more detailed 
investigation, however, than was possible at the time I visited the 
district is necessary before it can be definitely asserted that these 
acidic schists are of sedimentary origin. So far, however, as can at 
present be seen, it appears that these schists are arranged in 
synclinal trough, as shown in the generalised section at the foot of 
tlie Oeological Map. 

These schists are of economic importance by reason of the fact 
that they almost invariably form the matrices of the auriferous 
quartz reefs. 

The schists are traversed by two bands of laminated quartz or 
jasjier, the position of which is indicated on the geological map. 
The most conspicuous, however, is that known as the Marble Bar, 
which crosses the Coongan River about two and a-half miles south- 
west of the township. A view of this forms Photograph " I.** 

The "Bar" is a long razor-backed ridge (Photoj?rap»h "J.") of 
laminated quartz or jasper, which rises to a considerable height 
above the general level of the surrounding country. The width of 
this band is naturally variable, but in one place near the Coongan 
Biver it measures as much as 220 feet from wall to wall. As seen 
in section, the bajided jasper is inclined at an angle of 50 degrees to 
the north-west. The rocks forming this band can be followed 
across country for a considerable distance, and form a belt parallel 
to those similar beds described in Bulletin No. 16. The jaspers 
[609, 8508, 3096] presert a brilliant apparance, due to the inter- 
lamination of red, white, and dark-coloured bands (Photograph 
" K.") with intermediate varieties, the differences in colour being 
due to the occurrence of iron in the form of either limonite, hematite, 
or magnetite. Some portions of the rock contain small but perfect 
crystals of magnetite. 

When carefully exaunned the banded jasper is found to be 
much fractured and faulted, Fig. 12 [609], some of the cracks 
thus formed being filled with secondary silica. The occurrence of 
these cracks filled with secondary silica is such as to cause the stone 
to break up into slabs and blocks of an extremely irregular size. 
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The jasper takes an exoelleQt poliili and those portions of the 
rock which may be found free from flaws, etc., could doubtless be 

Fia. 12. 




P«nlted Jasper, Marbte Bar. 

used for ornamental purposes were its geographical position some- 
what more accessible. A typical sample [9605] of this banded 
jasper which was cut and polished in Europe for use at the Paris 
and Glasgow Exhibitions is now in the Museum of the Geological 
Survey. 

Granite. 
A very large area of country to the east of the township of 
Marble Bar is occupied bv granite. The mass presents in places a 
very rugged surface, which rises in two conspicuous hills of con- 
siderable elevation about due east of the town. The granite 
presents the same general features throughout its whole extent. 
In its lithological characters it consists of quartz, felspar, and a 
little mica. The mass forms one extremity of that granite which 
embraces the Moolyella Tinfield described in Bulletin No. 15. 

Porphyry. 

The granite has been invaded by dykes of porphyry [5308, 5612]. 
whilst a very extensive area occurs in the vicinity of Duffer's Creek. 
In their lithological character these porphyry dykes resemble those 
of Warrawoona very closely. An analysis of a typical porphyry 
[5302] is given on page 12 of Bulletin No. 15. These dykes agree 
very closely with those porphyries of Warrawoona, described in the 
earlier pages of this report. 
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Adjoining that tributary of Duffer's Creek, dose to the eastern 
boimdarj of the geolo^cal map, is a fairlv exteusiye area of a dark 
green basic rock [5609] which consists ot felspar (sauHSuriteP), a 
ferro-magnesian constituent, which appears to be hjpersthene and 
ita alteration products, a little quartz, and an iron ore. Another 
dmilar area occurs a little to the south of the Ironclad Mine, 
G.M.L. 2. 

BiabaM Dykes. 
A rerj important feature in the geology of Marble Bar is the 
namber of basic dykes, which an examination of the geological map 
shows have a general easterly trend. The dykes are a^ readily 
distinguished by their dark greenish colour, a rusty and in places 
exfoliating weathering, and in the majority of cases a tending to 
Tcrticality. The dykes have proved in the vicinity of Marble Bar 
of considerable value in working out the geological structure of the 
district. An inspection of the map demonstrates that only in one 
case do they intersect those sheared greenstones which form the 
aariferous series. 

Owing to the marked features which many of these dykes 
exhibit on the surface, the mapping of them proved a relatively easy 
task. These basic rocks form part of that system of dykes which 
make such a marked feature in certain portions of the Pilbara 
Goldfield, and to which allusion has been made in the earlier pages 
of this report, and in Bulletin 15. 

An examination of the geological map will show that many of 
these dykes have been faulted, but in no case does the horizontal 
shifting appear to have been very great. There are no data, how- 
ever, by which any estimate of the amount of vertical displacement 
can be arrived at. The hade of the majority of the faults, however, 
is to the west, as may be seen in one or two sections. The dykes 
are all of a fine grain. 

Economic Geology. 

The Mines. 

Although practically none of the mines at Marble Bar were 
open to Qiy inspection, the following information extracted from the 
field notebooks of the late Mr. S. J. Becher give some idea of the 
condition of affairs prevailing, and other cognate points at the time 
this officer visited these properties. 

In order to facilitate description the mines are described in 
^geographical order, commencing at the northern end of the leases. 
The position of the various properties is shown upon the geological 
sketch map attached (Plate VII.). 

Wbstxbk Shaw No. I Noeth, G.M.L. 291.— The most 
nortl^eriy of all the leases embraced within the area of the map, and 
traversed by four small quartz reefs, which underlie west. No 
work, however, appears to have been done upon them. The reefs 
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are enclosed in the belt of sheared greenstone, which forms the main 
auriferous series of the district. 

Ibonglad Nobth, G.M.L. 299. — ^The lease is traversed by a 
well-defined quartz reef, which extends along the whole length 
of the eastern boundary of the property, and underlies to the west. 

The developments on the property consisted of two vertical and 
one underlay shaft. One shaft had been carried down to a vertical 
depth of 25 feet, and continued for a short distance on the reef. A 
drive had been put in to the north from the foot of the vertical 
shaft to a point 35 feet distant, where the reef pinched out. Another 
drive had been continued to the south for 74 feet, and the reef is 
said to have averaged three feet in thickness, but only crushed, 
however, 8dwts. to the ton. 

The second vertical shaft was 55 feet in depth, but no particulars 
appear to be obtainable regarding it. The underlay shaft had been 
carried down 85 feet. 

The yield of this reef may have been included under the heading 
Sundry Claims.'* 

Ibonglad, G.M.L. 2. — The ore deposits on the Ironclad Lease 
consist of five well-defined reefs, which lie within the belt of green- 
stone, as shown on the map. The surface of the western half of the 
lease is occupied by granite, beneath which the sheared greenstone 
passes. At one time a fifteen-head battery was erected on the 
property. Near the north-west angle of the lease is the well, near 
the old battery site, which had been carried down to a vertical depth 
of 92 feet. In this well the granite extends to a depth of 40 
feet, at which point it gives place to schist. The water level is said 
to have been at 75 feet, and the amount of water which the well 
made was estimated at 600 gallons per hour. 

The northernmost shaft on the field is an underlay put down on 
the reef at a point about five chains from the noithem boundary, but 
this is at the present time totally im^ccessible. 

The principal work on the lease has been carried out upon 
what may be called the main Ironclad reef, which outcrops boldly 
along a low ridge near the eastern boundary of the lease. 

The stone which forms the main reef consists of white quartz, 
with very ferruginous patches. 

A tunnel has been driven in from the side of the hill, along the 
strike of the reef on a bearing of 141 degrees for a distance of 145 
feet, thence 14 feet on a bearing of 182 degrees to a point at which 
the main reef is first intersected. Prom this point a drive has been 
carried along the reef for a distance of at least 138 feet. The reef, 
as exposed at the first bend in the tunnel, measures three feet ia 
thickness. These workings connect with the surface by two vertical 
shafts, one being 24 feet deep, and the reef stoped right up to the 
surface. In this portion of the workings the average thickness of 
the reef is four feet. The second vertical shaft, 128 feet west, had 
been carried down to a depth of 87 feet, and intersected the main 
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raef at 74 feet. A drive is said to have been put in 16 feet sooth 
on the reef, which has an average thickness of about 20 inches. 
Fig. 13 shows a section across the Ironclad Beef, etc. 
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Neaor the soath-east angle of the lease are three inaocesfiihie 
shafts, not indicated on the map ; the northernaaiost of tibe group 
being an underlay put down on the reef to a depth of 120 feet 
The reef is said to have attained an average' thickness of five feet 
A second underlay, some little distance to the south on the same 
reef, is said to have been carried down to a depth of 4fO feet. West 
of this is a vertical shaft 34 feet deep. 

- The following table gives, so far as can be ascertained from 
of&cial sources, the yield of the Ironclad E&eef :— 

Tdble showing ihe Yield of the Ironclad Beef, 



Year. 


Ore 

oruahed. 


Gold, 
therefrom. 


Bate 
per ton. 


1893 

1894 

1896 

1896 

1898 


tons. 
297-00 

94-00 

1,097-00 

53100 

21-60 


OZ8. 

774-80* 
16300 
258-00 
239-02 
7-26 


ou. 

2-60 

1-78 

•28 

•45 

•84 


Total 


2,040*50 


l,441-57 


70 



* Of this amount, llSoss. has been obtsined from a crushing of unknown tons. 

Ironclad South, G.M.L. 108.— This is a 24-acre lease, 
adjoining the Ironclad. There are three small but distinct reefs 
upon the property, but very little work of any description appears 
to have been done upon them. An opencut has been put in along 
the reef, averaging about 12 inches in thickness, which may 
represent the southern extension of the Ironclad. Three underlay 
shafts, 34, 64, and 20 feet respectively, have been put down, but 
these are inaccessible. The principal workings are. an underlay 
shaft, 65 feet in depth, from which drives have been put in east and 
west for distances stated to be 60 and 20 feet respnectively. The 
only separate record of any crushing from this mine is one in 1895 
of 61 tons, which yielded 24oz8. of gold,, or at the rate of SQozs. per 
ton. 

Ibonclad Block, G.M.L. 113.— The surface of tlie Ironclad 
Block Lease is occupied by granite, and a vertical shaft has been 
put down at a point seven chains from the south-east angle of the 
lease, and designed to intersect the main Ironclad Reef at about 200 
feet. This shaft had been carried down to a vertical depth of 117 
feet through granite. The relative position of this shaft is shown 
in rig. 13, supra. 

Iron Duke, G.M.L. 387.— This lease embraces part of an area 
which included the old leases, G.M.Ls. 63 and 8. 

A shaft, not shown on the plan, has been put down to a depth 
of 40 feet, upon an approximately north and south reef, which is 
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iliiled to liaTe been of very Tariable thickness, but to lutve reached 
u much as time feet. The reef which nnderlajs west is of white 
quartz. 

In 1896, 4fO tons of quartz raised are stated to have yieldsd 
257O0Z8., or at the rate of '64ozs. per ton. 

EsBP-iT-D^BK, a.M.L. 296.— This old lease embraces a 
portion of the abandoned M.L. 8, The €kneral. 

A considerable amount of desolutory surface work has been 
done. 

Two vertical shafts, 20 feet in depth, had been sunk upon the 
eastern eztremitj of the east and west reef, adjoining die main 
&iilt which trarerses the property, but these were long ago 
abandoned. Two other underlay shafts, one of them 12 feet deep, 
had also been put down, but these were also inaccessible. A crushing 
of 32-5 tons in 1896 yielded 73'65ozs. of gold, or at the rate of 
2'26 ozs. per ton. 

The general reef outcrops upon what was originally M.L. 8 
(G.M.L. 485) now enlbraced by G.M.L. 296. 

The general reef which outcrops just outside the northern 
boundary of G.M.L. 296 is a well-defined body of quartz, striking 
north and south and underlying at an angle of between 40 and 50 
degrees to the east. This reef has been extensively worked by the 
previous holders of the lease. The reef has been followed down 
from the surface for a distance of over 180 feet. A vertical shaft 
(Kg. 14) about 50 feet in depth intersected the reef, which was 
followed down for a further distance of 150 feet. The reef was 
abruptly cut off by a fauH underlying west, but the shaft was 
continued for a further distance of 30 feet through country rock. 
A good deal of work appears to have been done underground, but 
tlieve was veiy little to be seen at the present time. The fault seem 
at the bottom of the shaft is also Tisible in the workings at the 
eastern end of No. 1 level ; the fault also underlies to the west. 
There are several faults in the vicinity of the reef, some of which 
are shown on the geological map (Plate Vll.) so far as the small scale 
wili admit. 

HoKBWABD BouKD, O.M.L. 613. — This lease embraces a 
portion of the groiuid embraced by the old Homeward Bound Lease, 
GJ(.L. 579. 

Here is one fairly large-sized reef cropping out near the 
northern portion of the property, and trending generaUv north and 
south witn an east and west arm. This reef is almost dat. 

XTpoD the old Exhibition, G.M.L. 286, which includes the 
northmi portion of the Homeward Bound, little e)se than surfacing 
seems to nave been done. 
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Upon the greater portion of the western half of the Homeward 
Bound, lie all the old " Rejected " workings. Sereral shafts have been 
sunk, and much surface work done by previous owners upon an inter- 
rupted line of reef, which has a southerly underlay and a general east 
and west strike. 



Fia. 14. 




SKCnON ACf^OSS THE 6ENEIIAL RCEP MARBU BMtt 



The reef is said to lie fairly flat and with an average thickness 
of about 12 inches, with, however, big bunches here and there. 

An underlay shaft had been sunk on the reef to a depth, on 
17th September, 1896, of 50 feet on a good body of stone. 

The Rejected No. 1 Reef (on old G.M.L. 84) does, however, 
appear to be upon exactly the same line as that just described. The 
reef outcropping has been worked by a main vertical shaft. 40 feet 
in depth, which, up to the end of September, 1896, had been con- 
tinued on the underlay for a further distance of 81 feet. Two reefs 
are said to have been eiposed in the workings, separated by a horse 
of country. The lower reef is said to have possessed good, well- 
defined walls, which had an underlie of about 35 degrees to the 
south. The upper reef, reputed to have been the most regular of 
the two» had an average thickness of about two feet. Near the foot 
of the underlay shaft, the reef varied from 18 inches to five feet in 
width. 
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So &r ae can be ascertained from the official figures, the 
jield of the reefs on the present Homeward Bound Lease appears 
to have been as shown in the following table : — 

Table showing the Yield of the Homeward Bound Reef, 



Tear. 


Name of Lease. 


Ore 1 «fj? iUt. 
crushed. ^^^ per ton. 


Total 

Ore 

crashed. 


Total 
Gold 
there- 
from. 


Average 

rate 
per ton. 


PwTiouito 

1807 
18W 


Bejeoted. a.M.L. 105 ... 

Do. do. 

Homeward Bound, 
G JCX. 615 
Do. do. ... 
Do. do. ... 


tons. 
1,206-00 

6500 




OSS. 

1-51 
103 


tons. 
1,273-00 

455*50 


OSS. 

1,894-00 
526-30 


ozs. 
1-48 

115 


106 

m 


a«-75 

198-75 
THX) 


261-15 

24216 
22-90 


1-04 

1-22 
3-72 












•M 


al 


... 





1»7S8*60 


KM30'» 


1*40 



Shambock, G.M.L. 160. — An old six-acre lease upon which a 
fnir amount of work must have been done at one time or another. 
Near the north-eastern angle of the lease is an underlay shaft put 
down to a depth of 100 feet, on the reef outcropping on the crown 
of the bill. This reef was intersected by a vertical shaft, No. 1, 
and farther south-west by shaft No. 2, at depths of which there is 
no precise information. A third shaft had been sunk at a point 
85 feet west of No. 1 to a depth of about 30 feet, but no particulars 
are available beyond the fact that a quartz reef five inches in 
thickness had been met with. 

The following is a list of the crushings from this property, so 
far as are disclosed by the official statistics : — 

Table showing the Yield of the Shamrock Beef, 



Year. 


Ore 
crushed. 


Gold 
therefrom. 


Bate 
per ton. 


1806 

1896 


tons. 
52-26 
8-00 


ozs. 
12010 • 
22^0 


ozs. 

229 

2-83 


Total 


60*^6 


l^W 


aw 



* Inclndes SSozs. from unknown tons. 

Tbue Blub, G.M.L. 167. — ^An old six-acre lease adjoining the 
Shamrock on the east. A considerable amount of open cast work 
has been carried out. The northernmost shaft on the lease is an 
underlay shaft 90 feet in depth, connecting with a vertical shaft 24 
feet in depth, which had been continued for a further distance of 
24 feet on the underlay of the reef. The reef averages two feet in 
thickness, and underlays about 30 degrees to the south-west. There 
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i« another parallel reef below this one, wMcb attains a thickness of 
about two feet. 

The figures in the table below give the result of the crushingB» 
so far as may be gathered from the official records : — 

Table shomng the Yield of the True Blue Reef, 



Tear. 


Ore 

crashed. 


Gold 
thersCrom. 


Rate 
per ton. 


1893 

1894 

1895 

1896 


tons. 

•• 

35-60 
92-60 
66-26 


MS. 

61-20 

4200 

168-82 

3800 


OSS. 

1-18 

1-82 

-68 


Total 


1831S5 


31002 


1169 



* Unknown. 



Mabblb Bab, G.M.L. 288. — ^An old twelre-acre lease adjoin- 
ing the Coongan Star Extended on the north, from which in the 
year 1898, 11 tons of ore yielded 15*70ozs. of gold« thus giving an 
average of l'42ozs. of gold per ton. 

CooNaAjf Stab, G.M.L. 92. — Upon this siz-«cre lease a good 
deal of h(md fide work has apparently been done in times past upon 
a north and south reef, inclined at a very low angle to the west, but 
which makes no very pronounced outcrop on the surface. An old 
disused main shaft has been pat down upon the summit of a low 
hill, and the reef worked out about 50 or 60 feet on the underlay. 

A vertical shaft had been put down to a depth of 20 feet at a 
point 150 feet from the summit of the hill, but no particulars are 
obtainable respecting it. 

Adjoining this is another 25 feet in depth, from the bottom of 
which a drive had been put in 40 feet to the south-east, whilst a. 
third shaft near by had been sunk to an unknown depth. In 
addition to these old workings is a vertical shaft 33 feet in 
depth, at which point the reef is met with ; this has been followed 
on the underlay for a further distance of 37 feet. About 100 tona 
of quartz have been raised and awaited crushing. 

Table showing the Yield of the Coongan Star Beef. 



Year. 


Ore 1 Gold 
crushed. ' therefrom. ' 


Bate per 
ton. 


1894 

1895 

1896 

Total 


tors. 

184-50 
75-50 
71-25 


31015 
131-80 
15700 


OSS. 

1-68 

1-74 
2-20 


331*95 


fm» 


1*80 
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CoonBAM Stab ExtbndsDv G.M.L. 287. — Near the 6outh end 
of tbe lei^e, adj^uiing the south-east angle of the Goongan Star 
property, a shaft 25 feet deep had been put do\yn upon a small but 
good quartz Tein, from which a small trial crushing is asserted to 
naye yielded an average of about 2ozb. per ton. 

A quartz reef iu granite country outcrops near the noilh-west 
angle of the lease, but no work appears to have been done upon it. 
A water shaft of unknown depth is to the west of the reef. 

AvovsTA, G.M.L. 61(. — This lease, as at present constituted, 
embraces by £ar tha larger portion of what was originally included 
in the Stray Shot, G.M.L. 8, the Excelsior, G.M.L. 21, and the 
Augusta, G.M.L. 7. 

The AiiguBta veef makes a fairly distinct and well marked out- 
crop on tbe surface ; the reef, however, has been interrupted near 
the southern angle of G.M.L. 280, by a north and south fault, which 
has but a slight throw. 

The outcrop of tbe reef is traceable all round the north-east, 
east, and south-east sides of the hill, and averages about three feet in 
width, it attends westwards as far as the Stray Shot, where it is 
worked by several shafts. There seems, however, good reason to 
believe that the reef in the Surprise Lease, G.M.L. 167, adjoining 
the Stray Shot on the west, is the continuation of the Augusta, 
interrapted, however, by a small fault, lying parallel to that alluded 
to above. Along the eastern outcrop of the main Augusta reef 
stone has been broken out in several places. 

Tbe Augusta Beef has been worked by a main shaft which has 
been carried down on the underlie of the reef which is very flat for 
a considerable distance. 

At the 75 feet, 150 feet, and the 266 feet levels drives have 
been put in for varying distances, but in the absence of au adequate 
plan of the mine any intelligible description of the reef underground 
is well nigh impossible, more especially as the majority of the 
workings are inaccessible. 

Overlying the reef is a dyke [6619J of a fine-drained rock, 
which, under the microscope, seems to consist principally of felsi)ar 
and an altered dichroic ferro-magnesian constituent. 

In the underlay shaft at the 75 feet level the main Augusta 
Beef is saui to have attained a maximum thickness of seven feet, 
hot in the lower levels of the mine it averages only about 12 inches. 
It is stated that where the reef is wide the good stone is confined to 
certain bands, chiefly, however, of highly-mineralised bands ; in the 
lower levels of the mine, where the reef is smaller, most of the stone 
is said to have been worth crushing. 

The main. Augusta Beef extends right through the Excelsior 
mi the Stray Shot, below the level of the Stray Shot Ke^^f . A 
gieat number of shafts have been sunk at relatively short distances 
apart on the slope of the hill and a considerable amount of surface 
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work done. The quartz is of a darkish hue, aud contains rolativelT 
small quantities of the sulphides of iron, copper, and lead. 

Table showing the Yield of the Atigusta, Strouy Shot, and 
Excelsior Beefs, 



Year. 


Ore 
orndied. 


Gold 
therefrom. 


Bate 
per ton. 


Previous to 1897 

1897 

1898 

1899 

1900 

1901 


tons. 

3,349-00 

1,661-70 
291-70 
280-00 

7200 

15-00 


OSS. 

C 9,219HK) 

1*2,082-00 

1,818-28 

363-49 

322-40 

( 30-96 

I tl96-00 

26-60 


OSS. 

1 2-76 

1-09 
1-24 
1-40 

] ■« 

1-77 


Total 

• 


5A9-40 


tll,780-78 


21» 



From unknown tons. t From tailinnu X I>oe8 not inchade 
ounces from unknown tons and from tailincrs. 



Sundry Claims from the District obkbraxly. — In addi- 
tion to the yield of the reefs described above, there are several 
others which it is impossible to specify and the returns from 
which are given in the table below : — 

Table showing the Yield from Sundry Claims, 
Marble Bar. 



Year. 


Ore 
cmsfaed. 


Gk>ld 
therefrom. 


Bate 
per ton. 


1897 

1898 

1899 

1900 

1903 

1904 


tons. 
94*60 

206-00 

104-30 

15-00 
2400 


OSS. 

119-17 

i 444*16 

i •1,000-00 

( 244-62 

\ •1,770-00 

1400 

24-00 

t916-36 


OSS. 

1-26 
1 2-16 

1 2-34 

•93 
1-00 


Total 


443W 


ffliS-M 


1-90 



• AUayial. t AUuTial and dollied. % Does not inclode aUuvlal 
and dollied. 

It is, however, not quite clear from the manner in which the 
returns are presented whether or not these sundry claims include 
the yield from reefs in other centres not embraced within the 
limits of the Geological Map of Marble Bar. 
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8ynopii4sal TaUe ehawing the Yidd of the MarhU Bar 
Beefs up to the end of 1904, 



Name of Beef. 


Ore 
omflbed. 


Gold 
therefrom. 


Bate per 

ton. 




tons. 


on. 


ou. 


Inguata 


6,619-40 


14,067-78 


2-50 


Angnsta No. 1 South 


66*00 


149-60 


226 


Ooongan Star 

Excelsior 


331-26 


698-96 


1-80 


iBclnded und 


er Angneta, 




General ... 


Inolnded und 


er Homeward 


Bound. 


Homeward Boand 


1,728-50 


2,420-80 


1-40 


Ironclad 


2.040 50 


1,441-67 


•70 


Ironclad South 


6100 


2400 


•89 


Iron Duke 


40-00 


26-70 


-64 


Keep-it-Dark 

Marble Bar 


82-60 


73.66 


2-26 


1100 


15-70 


1-42 


PiUendinnie 


100 


84200 


84200 


Eeiected 

Robert Bruce 


Incloded und 


er Homeward 


Bonnd. 


11200 


116-92 


104 


Shamrock 


60-25 


142-80 


287 


Stray Shot 

Sundry Claims 


Inolnded nnd 


er Angnita. 




443-80 


4,532-29 


10-21 


Trafalgar 


80-00 


9000 


800 


True Blue 


183-26 


310-02 


1-69 


Total 


10,760-46 


24,341-28 


2-26 



GeneraL 

In the latter end of last year, while in the North- West, a com- 
mimication was reoeiyed from Mr. J. Isdell, M.L. A., the Parliamen- 
tarj representatiye of the district, containing a request that the 
tailings in the Marble Bar District be experimented upon by the 
Department, with the view of suggesting a method by which the 
large quantity of gold reported to have l»en lost in previous years 
could be recovered. 

In accordance with instructions, attention was devoted to the 
question while at Marble Bar, and the heap of accumulated tailings 
at (a.) the Ironclad Mine, and (5.) on M.A. 1, were sampled by 
myself and Mr. Talbot, the Field Assistant. 

These, on being received in Perth, were dealt with in the 
official laboratory, and reported on by Mr. E. S. Simpson, as 
follows : — 

" The followinff are the results of extraction testa made on two samples 
of tailings oolleoted by yon at Marhle Bar : — 

" G.S.L. 687, Ibonclad Mins. — These tailings consisted mainly of quartz 
land, with a small percentage of day and iron oxides, a very small amount 
of pyrites and a minute tn^e of copper. No antimony was present. The 
■amples carried 28 per cent, of slimes. Percolation was easy and rapid. 
CyBnide consumed 0-63 lbs. per ton. Assay value of tailings, 4dwts. ISsrs. 
per ton ; of residues, Idwt. 9grs. per ton. Extraction, 70-3 per cent, after 
three days leaching. 
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*' There are no metallur^oal <£ffioiilti6B whatever in the way of treatmg 
these tailings by the pyanide {MrooesB. The qneation of their snooerafiil 
treatment reeolves itself into one of eoonomios solely^ viz., whether or not 
13s. 9cL (the value of the gold which it is possible to extract) will, nnder 
local conditions, do more tluui pay for the cost of eztraetioti. 

" G.8.L. 088, M.A. 1. — These tailings also consist mainly of quartz sand, 
with a small percentaffe of clay and iron oxides, a trace of pyrites, a slight 
trace of antimony, and copper carbonates equal to 0*16 per cent, of oopper. 
The sample contained 28 per cent, of slimes. Peroolation was very good. 
Cyanide consumed was very high, viz., 4*101bs. per ton, pcobably owing to 
the copper present. Assay value of tailings, Sdwte. &gn, per ton; of 
residues, Idwt. 22grs. per ton. Extraction 41*0 per cent., after Haee days 
leaching. 

" It would appear to be impossible to treat these tailiiigs svooeasfully. 
In the first place they are not rich in gold ; in the second, the copper pre- 
sent causes the extraction to be very low, and the coi<suB^ptio& ol ^^anide 
so high as to be prohibitive." 
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INDEX TO NAMES OF PLACE8, MINES, BEEFS, Eto. 



Aenlic Lavas 23,26 

Admfaal Dewejy Beef 98,106 

Atfglomerateg 8,12,18,26,27 

AnnTial Depoflits 16, 16,18, 3i*'32,33,'ed, 107 

AnmialGold 14^18,19,33 

ihmdna 32,69,66 

Amygdaloidal Lavas 23,26 

InalyaeB 32,66 

AndfldnAlte 69 

AiLdef8<m and pcurty 11 

Ipatlte 60 

Iplite 63 

Ashbnitan River 28 

Aii|?ite 32,66 

AugiutaLeaae 117,118,119 

AijgTtttft No. I Soath Lease' 119 

Atistratian Mttaemn, Sydney 61 

Bkmt>ooOee1t... 7,8 

BunboO'Sprixig 23 

Bflnd of Hope Lease lOO 

Btoket Deposits 12 

Barney's Hill No. 1 North Lease ... 48,56 

Barney's Hill United Lease 47,48,66 

Basalt 23 

BasicBocks 8,66 

Baatite 66 

Beaton's Creek.. 13,17.21,22,26,31,33 

Beaton's Hill Lease : 48,49,60,66 

Beaton's Pool 21,22 

Becher.S.J 19,21,26,27,36,87,39,46,48,49,60,62,68,109 

Biotite 64 

Black Range 10 

Bow BeUsBIock No. 1 Reef 77,106 

Bow BeDs-Gauntlet Zone 76 

Bow Bells No. 1 West Reef 77,78 

Bow BeUs Reef 66, 67, 72, 73, 76, 78, 81, 94, 95, 97, 98, 105 

Britannia Beef 101,106 

British Exploration and Development Company of Australia ... 12, 15, 78 

Brook Bros 62 

BrooTsHill 61 

Bronght-to-Light Reef 97,106 

CWniO. 16 29 

Calcite 68,73,90 

Cantyrian Are 28,66 

Cambrian Qlacial Beds of South Australia 21 

Oiuboiiated Schist ... 67 



Carbonic Anhydride 

Carnoustie Leaee 

Central No. 1 Lease 

Chaloedony 

Chaloopyrite 

Chanoe Beef 

Charters Towers Goldfield 

Cherts 

Chlorite 

Chlorite Schist 

Conrfomerates ^ ®' ^^' ^^» ^*' ^^' ^^' ^®' ^0, 21, 22, 23, 
conglomerates j^ 41,42,43.44,45,46,47.48.49, 

Coongan Biver 

Coongan Star Extended Ijease 

Coongan Star Beef 

Cook, N.W 

Cook's Creek 

Cook's Hill Lease 

Coppin's Gap 

Criterion Beef 

Cuban Beef 

Cutty Sark Beef 

Cyaniding 



... 32.66 

74,105 

... 48,56 

23,26,77,104 

72,78,104 

76,77,105 

8 

... 26, 29 

62,63,65 

... 67,75 

1,24,26,28,29.32,33,34, 

61,52,57,58,59,60,107 

23,27,105,106,107 

116. 117 

116,119 

... 14,49 

10 

47.48,49,55 

... 7,26 

103, 104, 105 

101, 105 

74,105 

33 



David. Prof 

Dawson City Lease 

Day Dawn North Lease 
Day Dawn No. 1 South Lease 

Day Dawn Beef 

Daylight Lease 

Dead Camel Beef 

Dean's Hill 

De Grey Biver 

Devonian Age 

Diabase 

Diamonds 

Dodger Beef 

Doolena Gap 

Duffer's Creek 



... 26,27 
93 
... 38.58 
... 38,63 
81,87,41.63 
... 102 
99,105 
... 43.48 
... 9.10 
... 18,27 
... 8,9 
51 
... 90,91 
7 
7.64,106.108,109 



Sarly Mom Lease 
Edjudina 

Elsie 

Elsie Boad 
Enstatite 
Enterprise Lease 

Epidote 

Etheridge, B., jun. 
Excelsior Lease 
Exchange Lease 
Exhibition Lease 
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97 
71 
51 

.. 9, 10 
65 

.. 37,53 
62 
61 

118, 119 

. 46,55 
118 



Felsites 

Felspar 

Felspar Porphyry 

Felstone 

Ferric Oxide ... 



8,27,43,59 

32, 59. 61, 62, 63, 64, 65, 73, 108, 109, 117 

58,59,64,67 

42 

32.66 



128 



FonouB Oxide * 82,59,66 

JPerraginoiu Wad 72,78 

FiahePs Befward Beef 85,41,63 

40-MileBoad 10,28 

Fofleila 27,80 

FoBBilWood 17 

Freak of Nature Extended Lease 46,66 

Freak of Natme Beef 44,46,47,56 

Gabhro 10,18,24,86,109 

Galena 99 

Gaaooyne Biver 28 

Ganntlet East Lease 72,89 

Gauntlet No. 8 North- West Lease 61,82 

Gauntlet Beef ... 61, 62, 66, 67, 72, 78, 76, 78, 80, 84, 88, 89, 94, 96, 97, 98, 106 

General (The) Beef 113,114,119 

Geraldton 18 

GiftBeef 82,83,106 

Gladstone, Inspector 86, 87, 88, 82, 93, 94, 101, 102 

Gneissic Ghnnite 7,8,26 

Golden down Lease 48,49,66 

Golden Eagle No. 1 East Lease 68 

Golden Eagle Beef 40,41,68 

Golden Oate Beef 62,67,76,106 

Golden Gauntlet Beef 83,84,106 

Golden Promise Lease 50,56 

Golden Promise No. 1 Lease 48,50,55 

Granite 7,8,9,10,23,29,57,58,68,64,106,108,110,112 

Granitic Gneiss 7,8,26 

Grant's Hill Lease 41,43,44,46,46,47,65 

Grant's Hill South Lease ... 46,55 

Great Eastern Extended Beef 41,53 

Great Eastern No. 1 Lease 58 

Great Eastern Beef 81,86,37.41,63 

Great Western Lease 81 

Greenstone . . 7, 8, 9, 16, 20, 26, 30, 31, 68, 61, 62, 63, 67, 73, 77, 80, 88, 106, 109 

Greenstone Schists 61,63,65,73,78,84 

Grits 8,10,18,15,18,21,22,23,24,25,28,29,60 

Groom, F.P 51 

GumWell 9 

Gypsum 17 



Hematite 42,43,48,107 

Hewetfs Shaft 46 

Homeward Bound 113,114,115,119 

Hornblende 63 

Horrigan's Peak 9 

Horseshoe Beef 79,80 

Hospital Hill 107 

Hypersthene 109 

IgneousBocks 7,15,26,28,80,57,68,69 

Ilmenite 32,66 

Imperialist Beef 62,63,67,89,90,105 

Inspector of Mines for Northern Goldfields 14 

Iron 32,63 

Ironclad Battery 60,67 
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ItobcUmI Blook Leaae ..... .«, 119 

Irc^iclad North Lease 110 

IronclndBeef Ifli, 110, Ul, 11^. llfi 

lT0]icla4 South Lease 119. U0 

iTop D]»ke Leaae 11^^110 

Iron, 0;pdee of X7»8&,77 

Iron Pyrites 20,82,34,86,41.48^48,60,61«66,7%%9la«7.«l|»]aO^,l<H,ll;8 

XrowtoB© ... ... , 1«#4« 

Iron, Sulphides of 2o 

l8dell,J ... 119 

JaspeiJ ic4l07.U» 

Jonep'WeU 8 

JweauBeef ... W, 1192, 103, 105 

Kadjebut Creek 13^, 24, 31, 36. 86. 40 

Kadjebnt Spring .,. ^ 

Kaolin ... „ , 42 

Keep-it-Dark Lease 113,119 

Kimbedey 38 

King Leopold Bange 28 

Kit^'s-Gap ... 7 

Klo»dyk» Block Beef 95,105 

KloAdyke Boulder Block Lease 91 

Klondyke Boulder Beef 68, 7:8. 73, 91, 92,93.95, 106 

Klondyke King Blocks No. 1 Lease 96 

Klondyke King Lease ., 08 

Klondyke No. 1 East Lease 96 

Klondyke No. 1 Lewe 04 

Klondyke No. 1 West Beef 04^95«105 

Klondyke No. 2 East Lease , ,., 07 

Klondyke Queen Eztepded Lease , ... 99 

Klondyke Queen Lease 97,98,99,106 

Klondyke Beef .,. 95,9^97. 106 

Kopoke's Leader .. 76< 77, 83, 86. 101, 102, 103 

Kopcke's Beward Block Lease ... 101 

Iiamberfs Treatment Works 3^ 

Laminated Jaspideons Quartzite 7 

Laminated Quartz 7, 10, 60, 67, 68, 78, 82. 84, 86, 93, 94, 99, 107 

Laminated Quartzite ... 29 

I^t Chanoe Lease 100 

Laterite 15,17,49 

jAvap 8.18,21.23,24,^ 

"Leader "Deposits 7.0,71 

Lime 82>59.64,66 

limestones 18,27,60 

Limonite 17,42,61,62,72,78,104,107 

Locality Map 12 

Lone Hand Lease ... 104 

Lucknow Lease 103, 

I^yndonBiTer 28 



McFie Street 21 

M.A.4I. 81,33.87 

Mackenzie, B. H 84 
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Hagneeia 82,59,66 

Magnetic ScluBt 61 

MMnetite 82,68,61,107 

Mdaohite 72,104 

Hanganese Protoxide 82,66 

Marble ^r 7,11,12,19,27,67,58,106,106,107,108.109,119 

Marble Bar Lease 116,119 

Marble Bar Telegraph Line 18 

Marquis Lease ... ... ... ... ... ... ... ... ... 40, 6S 

May-be Beef 62,67,77 

Mka 69,61,64,72,94,108 

Mica Schist 67,68,59,76 

Middle Creek 10,28,80 

Mineral Lease 6l 26 

Mineral Reward Claim 6l 4i8, 47, 48, 49, 60, 62, 66 

Minilya River 28 

Moolyella 7,8 

MoolyellaGap 67 

MoolyeUa Tinfleld 108 

Morris Bros. ... 11 

M(»qiiito Creek 10,28,29,80,61 

Mosquito Creek Series ... 10, 13, 16, 18, 28, 24, 26, 28, 29, 30, 81, 34, 41 

Mount Edgar 8,9 

Mount Elsie 67,68,108 

Muscovite ...78,104 

Mnacovite Mica 72 



Heale's No. 3 Underlay 46 

Nelson Beef 94,105 

Normal Qnartz Reef s 70 

North Dromedary Hill 29 

North-West Australian Qoldfield, Ltd 14 

North- West Division 28 

NnlTiurina f ^^' ^^' ^^' ^^' ^^' ^^' ^^' ^'^' ^^' ^^' ^1, 24, 27, 29, 30. 32, 

«uuagme ... ^^ 33^ 3^^ 3^^ 3^^ ^^^ ^2, 46, 49, 51, 107 

Nullagine Central Lease 66 

Nnllagine Conglomerates €k>ld Mines 12, 27, 41 « 44, 46 

Nnllagine-Mosqnlto Zone 29 

Knllagine Biver 10,12,13.15.21,22,31,34.35,37 

Nnllsiriiie Series i 8,10,12,18,16.18.21,22,23,24,25.26.27,28, 

nouagme series ... ^ 30,81,38,84,48,44 

Oakover River 12 

One-Mile Creek 13,24,25,31,33 

Onslow 28 

Opals 23 

pflJflBosoio Age 27 

PamellMine 10 

Pegmatite 29 

Permio-Carboniferoas Rocks 28 

Phoenix Lease 11 

PUbara Qoldfield 12,14,18,19,21,26,28.34 

PiUandinnie 119 

Pipeolay 17 

Plagjodaae 82 

Porphyry 68,69,64,67,108 
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FortHedland 7 

Potash 32,59,64.86 

Pre-Cambrian Age 65 

PrinceptReef ... 73,74,105 

Princess of Alaska Keef !»1, Ui5 

Promise Reef 35,41,53 

Pyrites ... 20, 32, 34, 36, 41, 43, 48, 60, 61, 66, 72, 78, 81, 87, 99, 100, 104, 1 Itt 
Pyroxene 32 

^„„ .^ ( 8, 9, 10, 18, 26, 29, 32, 33, 34, 36, 86, 42, 58, 69, 62, 63. 

^^^^ • • [ 64, 71, 73. 77. 78, 81, 87, 90, 94, 99, 108 

Quartz Claim 32 29 

Quartzites 15,22,23,28,57,58,59,60,107 

Quartz Schist 59,60.89 

Quartz-sericite Schist ... .. 59,60 

Qneenshmd ... j. 8 

Band (South Africa) 12 

Rangatira Beef 89,105 

Rejected Lease 47, 56, 115. 119 

Rejected No. 1 Lease 55,114 

Rejected No 2 Lease 48,66 

Reserve 1927 28 

Reserve 3328 28 

Rewaid Claim 33l 40 

Reward Claim 94l 102,105 

Robert Bruce ; 119 

Buttle. 60 



Saint George No. 1 East Lease 100 

Saint George No. 1 West Lease 100 

Saint George Reef 100,105 



11 

Sandstones 8, 10, 13, 15, 17, 18, 24, 25, 29, 49 

Sandy Creek 10,28,30,106,107 

Sau83urite 109 

Schistose Rocks 28 

Schists 9, 28, 57, 58, 61, 62, 67, 106, 107, 110 

Scottish Chief Lease 37.53 

Sedimentary Rocks 8,10,12,18,23,26,28,67 

Serpentine 62,81,90,94,99 

Serpentine Schist 67 

Seven DialB.Lease 60,76 

Shales ... 10,15,23,26,28,29,42 

Shamrock Reef 115,119 

Shaw River 23 

Silica 23,32.59,66,107 

Simpson, E.S. ... 59, 66, 67; 119 

Skogsberg and Svensen 74 

Slates 10,17,21.49 

Soda 32,69,64,66 

South Dromedary Hill 29,40 

Stray Shot Lease ... 117,118,119 

Suburban Water Right 5l 17,22,34 

Success Extended Lease 47,55 

Success Lease ... 44,47,48,49,65 

Sulphur... 82 
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PAOK 

Sundry Claiiiis, Marble Bar 118,119 

Snndiy Claims, NnUagine 60,51 

Sundry Claims, Warrawoona 104,105 

Sonrise Lease ... ... ... ... ... ... ••• ••• 36,86,53 

Sunrise No. 1 Reef 36,41,58 

Surprise Lease 117 

Swanson & Morris Bros 11 



Talbot, H. W. B 7 

Talc 62 

Talo-Chlorite Schist 62,67,75,90 

Taiga Creek 7 

Taiga River 7,8 

Taiga Taiga Workings 7 

Tapley's Hill Shales 21 

Taylor's Creek 10 

Titanic Oxide 32,66 

Ton Thumb Beef 62,67,74,75,106 

Trafalgar Lease 119 

Treble Event Beef 90,91,105 

Trig. Station Ch. 13 23 

Trig. Station G. 23 9 

Trinity No. 1 South Lease *6,55 

Trinity (The) Lease 22,55 

True Blue Reef 116,116.119 

Try Again Lease 85,68 

Turkey Mary Lease 51 

20-Mile Sandy 61 

Union Jack Lease ••• 37 

Victory East Extended Reef 38,41,58 

Victory Extended Reef 89,41,53 

Victory Lease 81,38,89 

Victory No. 1 East Lease 39 

Victory Reef ... 89,41,63 

Walter's Folly Lease 38,53 

w-.«^«^«. ( 8, 9, 11, 28. 57, 58. 60, 61, 64, 65, 66, 67, 69, 

warrawoona ^ 70,71,73.77,89,108,104,106,106.107 

Warrawoona Series 9,58,64 

Water 37 

WaterRight2L 27,49 

Western Shaw No. 1 North Lease 109 

Wheel of Fortune Reef 93,94,105 

Whenna-pai Lease .•■ ••• ••• ••• 1^2 

WUdDogc'amp 23 

Wild Dog Spring 24 

Woodward. H.P 16,17,18,23,24,27 

Wyman'sWeU 11 

'S^andicoog^na 9,57,58,106 
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PREFATORY NOTE. 
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IN consequence of a Parliamentarj motion, instructions were- 
issued to the Department, towards the close of the session of 
1903, to prepare a topographical map of Norseman. Later on 
farther instructions were sent out to the officer entrusted with 
the work to combine both geology and topography, as it seemed 
tbat what was actually required in the public interest was rather a 
{^1 illastrated by cross sections, showing the trend, extent, and 
ctroctond relations of the ore deposits and the enclosing rock 
ooflKB, than mere surface features, such as the Parliamentary 
BotioQ implied. 

The work, which was entrusted to Mr. W. D. Campbell,. 
Attifitant Gteologist, covers an area of about 46 square miles,, 
embracing so far as is at present understood the productive area 
of Norseman. 

The Map of Norseman, which contains, in addition to the^ 
neoessary geological and mining information, contours 10 feet apart 
in altitude, all prominent landmarks, such as hills, shafts, batteries, 
etc., and should on this account prove of considerable general 
v^ity. It may be noted that the construction of topographical 
loaps, which is the necessary basis for all geological work, in 
ii&portant mining districts, consumes an ever-increasing share of a 
geologist's time, which could well be more profitably employed in 
B»ny other directions. 

The mining plans and sections, of which there are five,, 
together with twelve cross and longitudinal sections, mark an 
tdvance on any of the official mining plans yet issued of the Gold- 
&l<b of the State in that their most prominent features are the lodes 
(which are as far as possible shown in their relative dimensions), 
tile faults traversing them, and the dykes by which certain of the 
vorkingB are riddled, rather than the levels, winzes, etc. These data, 
ftiopled with the descriptions given in the report, and the various 
t&hlet of statistics by which it is accompanied, will, it is hoped, 
Cnm a permanent record of the mines of Norseman up to the date^ 
^ text was drawn up. 
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The present report embraces not only the work of Mr. W. D. 
Campbell, but includes a brief apenpi of the labours of other 
observers. 

That portion of the Dundas Goldfield embraced by Mr. Camp- 
bell's work consists essentially of a series of metamorphic 
sedimentary rocks, estimated to reach a thickness, making due 
allowance for repetition by folding, of not more than 800 feet, 
which occupies a strip of country skirting the west side of Lake 
Dundas, and near the west side of Lake Kirk. Some of these 
tbncient Sf^iments appear, according to Mr. Campbell's observations, 
to have been permeated by secondary silica and oxide of iron, and 
a.re now in places represented by the bauds of laminated quartzite 
and the very ferruginous jaspers, which make a pronounced feature 
in the field. These silicified bands have been indicated by a 
separate colour and symbol on the Geological Map. 

Associated with the metamorphic sedimentary rocks (some of 
which are conglomeratic) is a large area of what Mr. Campbell ha^ 
designated as amphibolite, and which appears to be interbedded 
with the former; as some of these are distinctly amygdaloidal, 
there seems very good reason for believing them to be ancient lava 
flows. 

In addition to these amphibolites are a series of diorites and 
epidiorites, which seem to be interbedded with the sedimentary 
rocks and amphibolites in such a way as to suggest the possibility 
of their being intrusive sills and dykes. It has not, however, been 
found possible to separate the latter from the amphibolites on the 
Geological Map, hence all have been distinguished by the same 
colour and symbol. 

There are also relatively small areas of mica and chlorite 
schists occurring in the field. These, which it has not been found 
possible to distinguish by a separate colour and symbol on the 
Geolc^ical Map, may possibly owe their origin to the transmutation 
of those igneous rocks which make up the larger portion of the 
surface of Norseman, 

Another very important feature is the occurrence of a large 
number of quartz porphyry dykes which traverse the whole of fhe 
area mapped in a general north-east and south-west direction. 
They vary much in colour, are sometimes fissile, pyritous, and 
occasionally slightly auriferous. These porphyries, so far as h&s 
been observed, traverse all the formations developed on the fi.e1d 
other than the metamorphic sedin)entary rocks and the very pen*. 
fiistent norite dyke which traverses the central portion of the area. 
mapped in a general east and west direction. In all probability 
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these porphjry dykes form the apophyses of the lar^e granite mass 
which lies to the east of, and just outside, the limits of the area 
mapped. 

There are in addition a few isolated veins and dykes of 
dolerite, one of which is seen crossing the reef at the 145 feet 
level in the main underlay shaft of the Cumberland Gold Mine. 

The newest igueous rock on the field is the intrusive norite 
which forms an east and west range, varying from a mile to half a 
mile wide, and of which Trig. Hill B 28, near Princess Royal town- 
ship, forms a part. This dyke extends in an uninterrupted line to 
North Noroott, about twelve miles to the eastward and for a con- 
nderable distance further, whilst to the westward it crosses Lake 
Cowan an.d extends far beyond the limits of the area mapped. 
This djke appears to have no effect upon the gold contents of any 
of the qaartz reefs it traverses, and, further, is not traversed by any 
quarts weins. 

These older basic and acidic rocks of Norseman are very 
nmilar in their character to those which are largely developed in 
other portions of the £astem Goldfields ; and although the Norse- 
nan district affords no direct evidence as to their geological age, 
there seems very good reason to believe that they all form part of 
one and the same series. 

The earliest observer in the district, Mr. S. G^zel (a former 
member of the G^logical Staff), indicates on his geological sketch 
map of the Auriferous Region of Western Australia, the greenstones 
and allies of Norseman as being of Paleeozoic Age, whilst the 
mieaoeous and talcose schists of the same district are referrred to 
the Arcbsean. Much more detailed work, however, in other portions 
of tike State will be required before the age of these rocks can be 
definitely made out. 

Two small fragments of a once more extensive formation occur 

on the western bank of Lake Cowan, near the John Bull Lease, 

and four small outliers south of the Queen of the West Reefs, near 

Lake Dundas. The formation, which at present occupies but a 

tmall area, consists principally of a dolomitic limestone with 

lioeons bands. The beds, which contain specimens of Turritella^ 

*t€ien, Cardium (or CarditaJ, Margellania, and fragments of 

olytoaf are in all probability of comparatively recent geological 

le, and may possibly represent the inland extension of the strata 

licb fringe a portion of the southern coastline of the State. 

A rearj large portion of the Norseman District is occupied by 
mt superficial deposits, which, in the bed of Lake Cowan, attain 
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41 thickness of at least 377 feet. A very large development of laterite 
-occurs over that portion of the field which is occupied by the 
ferruginous jaspers, etc. 

Norseman has proved a good mining field, the auriferous quartz 
reefs being scattered over a very large extent of country. The 
quartz reefs trend generally north and south, and underlie easterly 
at an angle of about 45 degrees ; those trending generally east and 
west underlie south at angles varying from 60 to 70 d^rees. With 
one or two notable exceptions, the quartz reefs are mostly short 
and consist chiefly of white quartz with a relatively small proportion 
of pyrites, galena, with (in certain localities) scheelite and bismuth. 
Many of the reefs evidently carry rich chutes of gold. 

Up to the end of 1904 the area embraced by Mr. Campbell's 
work has returned 266,004ozs. of gold, or at the rate of l,019oz9. 
for every ton of ore treated. From the returns given in extenso in 
the report, it appears that from : — 



Ore 
crashed. 



Gold I Bate 
ther^dfron. per ton. 



tons. 
Reefs in the Oreeiistone ... I 237,506*47 
Beefs in the Metamorphic i 

Rocks ! 23,50563 



oza. ozs. 

238,2;0-52 1003 

27.79406 1,182 



Total 201,01410 1 306,004-00 1019 

The recent superficial deposits in the Norseman District have 
yielded only a limited amount of alluvial gold, the total reported 
from 1899 to 1904 being l,662-37ozs. In that portion of the report 
which deals with the mines (and which forms by far its greater 
bulk) the arrangement and description by lines of reef has been 
adopted, and the statistics prepared accordingly. The compilation 
of the Statistics of the Gold Yield has proved unusually trouble- 
some, owiug to the number of short-lived leases and quartz claims, 
in addition to the difficulty of identifying the localities from which 
the various small parcels of ore were obtained. In their present 
form, however, they give as complete a record of the gold yield of 
the different lines of reef at Norseman as is possible. 

The report, with its accompanying maps and plans, was, on 
being submitted to the Minister for Mines, ordered to be printed 
for public information. 

A. GIBB MAITLAND, 

Government Geologist. 
Geological Survev Office, Perth, 
15th March. 1906. 
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Tie GEOLOGY ud IIHERAL RESOURCES of tbe HORSEUK DISTRICT.. 



Introduction. 



The area comprised in the aocompanying geological map of 
Norsemaa is that portion of the Dundas Goldiield lying between 
the southern end of Lake Cowan and the northern end of Lake 
Dondas, about eleven miles in a north and south direction and six 
and a half east and west, with the town of Norseman as a centre ; 
it eoTers about 46 square miles, excluding the lake plains. The 
fieide of the map is 20 chains to an inch, which is the smallest 
admitting of the essential details being shown. The map comprises 
contour lines, er line& of equal altitude at intervals of 20 feet, 
existing and extinct gold-mining and mineral leases, shafts and 
their depths where ascertainable, batteries, existing and proposed 
I1116B of communication, such as roads, railways, cycle tracks, and 
tdegiaphs, water rights, wells, tanks, and pipe lines, business and 
garden areas, as well as miners* homestead leases, together with the 
Ideological boundaries, in addition to tbe strike and underlay of 
rccfa and dykes. The map is accompanied by an east and west 
aeetion on a scale of 20 chains to an inch, in addition to the plans 
and sections of certain of the mines which have betm reproduced 
oa a scale of 100 feet to an inch. 

The contours have been laid down by a combined tacheometrical 
aad. barometrical survey, in order to obtain the greatest expedition 
vtth accuracy. 

The existing leases shown on the plan are those which were in 
force at the end of July, 1905, while the statistics of gold yield 
dealt with in the following report are up to the end of the year 
1904, when the total vield of the whole Dundas Goldfield from 
mining was 247,560-26oz8. of fine gold and 3,162-88oz8. of fine 
silTcr from 288,1 06*38 tons of ore, or •874ozs. of fine gold per ton, 
in addition to which the alluvial deposits yielded l,66273ozs. of 
fine gold. The total yield of gold tabulated in detail in this report 
is 266.004 gross ozs.' from 261,014 tons of ore, a yield of 1019 
gross 0Z8. per ten, comprised as follows: — 238,210'52ozs. from 
237»508 tons of ore from reefs in the amphibolite area, a yield of 
l-OOB gross ozs. per ton, and 27,79408 gross ozs. from 23,505-63 
ions of ore from the banded quartzites and ironstone area, a yield 
of l-182ozB. per ton. These latter figures represent tbe product of 
the reefs, etc., occurring in the area included in the accompanying 
geological map. 

The total quantity of alluvial gold for the year 1904 is given 

Vjr ihe Statist of the Mines Department as 109-91ozs. of fine gold, 

irhieh, divided by the constant 8419 (see table 6 of the 1903 Report 

f tbe Department of Mines), gives 130*55 gross ozs., which,, 

Ided to the 6,799* 12 gross ozs. of alluvial gold reported up to 

e end of 1903. makes the total 809*67 gross ozs. of alluvial 

>ld from this field, or practically from the area mapped. 
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The compilation of the statistics of gold yield for the mines 
section have proved unusually troublesome owing to the number of 
short-lived leases and quartz claims, the majority being held by 
small parties of miners. There has been a difficulty also in 
identifying the localities from which the various small parcels of 
ore have come, in consequence of insufficient description, also the 
incompleteness of some of the older returns. 

History. 
The first indications of gold in th6 Dundas district were 
discovered by Mr. William Moir, of Fanny's Cove, in July, 1892, 
while searching for pastoral country. This gentleman found a few 
specks of gold in the alluvium of a small gully flowing into the weet 
side of Dundas Lake. Mr. Moir, along with Mr. Thomas Stennett, 
organised a prospecting party to follow up this find, but failed to 
discover payable gold. It is interesting to note, by way of 
comparison, that it was in the following month of the same year 
that Messrs. Bayley and Ford reported gold at " Fly Flat." near the 
aboriginal rock- well ** Coolgardie." 

About the same time several other parties also started to 
prospect the Dundas Hills, which had been so named by Mr. Sur- 
veyor General Boe, in 1846. Of these parties, W. Mawson and R. 
Kirkpatrick were the first to discover an auriferous reef, which 
they called the " Maybell." . This was at the south end of the Dun- 
das Hills, and they obtained, at Southern Cross, a protection area. 
No, 293, which is identical with Dundas Reward Claim No. 1. 
Soon after the discovery of this reef, Bromley, Mason, and Desjarlais 
found a rich outcrop which they named the "Great Dundas," 
whilst Brodie, Kirtly, and Devine also discovered the " Scotia." 

As these localities proved to be about ten miles outside the 
southern boundary of the Tilgam Goldfield, which passed east and 
west about two miles southward of the highest hill (Woolyeenyer) 
in the district, a new goldfield called Dundas was therefore pio^ 
claimed on the 31st of August, 1893. This new goldfield comprised 
a strip about 50 miles east and west, and about 20 miles north and 
south along the south side of the Yilgam Goldfield. The initial 
point of the description is Mt. Deans, the position of which was at 
that time thought to be nearly ten miles further south than it 
really is. The estimate of the area by Mr. H. P. Woodward, the 
then Government Geologist, who was appointed temporary Warden 
of the Dundas Goldfield, was 1,000 square miles. A few allotments 
for the dite of the first township, Dundas, were laid out by Surveyor 
W. H. Angove, in 1893, adjacent to the Noganyer Soak. 

Mr. Woodward was succeeded in January, 1894, by Mr. Arthur 
Hicks. 

On the 6th of April, 1894, the south boundary of the Tilgarn 
Ooldfield was altered to about 25 miles further north ; and the 
Dundas Goldfield was given a length, east and west, of about 
172 miles by 93 miles wide, the area being thus increased to about 
15,996 square miles. 
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A di&coTery of a gold-bearing reef towards the northern end of 
the same ranges, between I^kes Cowan and Dnndas, was made in 
July, 1894, by L. Sinclair, which he named the "Norseman." 
Another reef, the " Mt. Barker," was also found by Eamsay and 
party, who took up their lease on the 13th of August, the same time 
as Sinclair and party took up the " Norseman." These finds were 
foDowed by others, and the southern end of the field was eclipsed 
hy what was known at first as North Dundas. The Mt. Benson 
was taken up by A. E. Stehn and party, on 23rd October, 1894, and 
the Lady Mary by Geo. Prout, on behalf of Geo. Brookman, on the 
30th November following, and the Princess Royal by F. G. Chester 
and party, on 2nd May, 1895. 

In consequence of this shifting of the population, the principal 
town, Norseman, was laid out about 15 miles north of the first 
townsite (Dundas), on .the 29th of April, 1895. Both were 
gsaetted on the 24th May, 1895, Noraeaian being further proclaimed 
a municipality on the 17th January, 1896. 

On the 20th March, 1896, the description of the boundaries of 
the goldfield was altered, but apparently not the boundaries them- 
selres, beyond excluding all townsites and fee simple lands within 
th<me boundaries ; and in July following, the Warden's office was 
moved to Norseman from Dundas, although business had to be 
carried on until the end of the year in tents. On the 6th of May, 
1896, the Coolgardie-Eucla tna Norseman telegraph line was opened, 
and Messrs. Cobb and Go's, coaches began running to Coolgardie 
and to Esperance, a bi-weekly mail being established in August, 1896. 

In May, 1899, Mr. P. L. Gibbons succeeded as Warden. On 
the 22ud of August, 1902 the width of the goldfield north and south 
was reduced to about 66 miles, making the area 11,500 square 
miles. This proclamation took effei^t from September, 1902, tlie 
description being ; — 

*' Commencing at the south-east comer of the Coolgardie goldfield, thence 
east about 42^ miles, thence south about 66 miles, thence west 173 miles, 
p^aang through the 76-mile post on the Dundas-Esperanoe road, thence 
north about 66 miles to the south-west comer of the said Coolgardie gold- 
field, thence east about 132^ miles along the southern boundary to the 
startiiig point." 

These boundaries exist at the present time. 

In March, 1905, Mr. L. L. Crockett, the present Warden, suc- 
ceeded Mr.Gibbons. 

The population, according to the census of 1901, was 1,593,. 
riz., 1,165 males, and 428 females. At the end of 1904, it is 
istimated that the population was 1,600, viz., 1,090 males, and 
SIO females. 

There were 88 gold-mining leases in force at the end of the 

fear 1904, with an area of 918 acres; of these only one, the 

BreakrO*-Day " of 24 acres, was outside the limits of this map, 

nd of these 88 leases there were 46 held by companies and 42 by 
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A view of the town of Norseman appeared in tlie Report of the 
Department of Mines for the year 1900. 

The following table gives the yield of the whole field up to the 
<ilo8e of the past year, as shown (a) by the figures furnished to the 
Department of Mines, and (b) the Customs Authorities &nd the 
Perth Mint ; this discloses the fact that 49,204*45 gross ounces 
have not been reported to the Department for reasons best known 
to the delinquents. The alluvial workings have not been extensive 
e.nough to have contributed much of this discrepancy. The 172 
quartz, claims and 30 or more unregistered quartz claims, may have 
obtained a few hundred ounces of gold by dollying, but the bulk of 
the amount could hardly be materudly affected thereby. While not 
venturing any further opinion on the matter, it is impossible not to 
recall to mind that there is lamentable and demoralising widely 
spread opinion among miners throughout the Eastern goldfields 
that the gold in any of the mines is as much the property of the 
miner, who is paid to work therein, as of the Company which 
employs him. 

Yidd of Ooldfrom the Dundas Goldfield. 

















Perth Mint. 


Tear. 


Ore crushed. 


Gold therefrom. 








Qroes weight. 


Fine contents. 




tons 


on. 


ozs. 


OX8. 


1893 ... "1 






( 147-97 


132-37 


1894 ... 1 

1895 ... f 


3,02000 


a 3,663-25 


) 228-88 
1 241-90 


204-81 
216-40 


1896 ... J 






C4,360-31 


3,891-77 


1897 


16,882-98 


h 17,115-66 


19,310-81 


17,275-36 


1898 


30,928-35 


c 32,469-59 


32,031-82 


28,655-52 


1899 


59,379-80 


d 37,839-28 


46,164-95 


40,404-36 


1900 


49,014-50 


e 34,036-88 


40,687-56 


36,898-91 


1901 


38,37800 


/ 29,848-03 


38,796-25 


35,163-62 


1902 


26,123-75 


g 28,579-34 


36,21099 


31,116-47 


1908 


25,95300 


h 83,846-76 


41,553-90 


36,217-41 


1904 


33,431-50 


131,880-27 


39,702-61 


33.181-09 




283,106*38 


249,233-00 


286,427-45 


261,896-!» 



Amount of gold not reported 



249,223*00oz8. 
49,204-45oz8. 



a Details not available. Prior to 1893 included with Yilgam. 
h Includes 68'42oz8. dollied and specimens. 



4'94oz8. 

125-100Z8. 

31'24oz8. 

143-830Z8. 

958-840ZS. 



and 122'17oz8. alluvial. 
„ 137-630Z8. 
„ 502'02ozs. „ 
„ 35801OZB. 



691-940Z8. ore crushed and dollied (39,669*86 tons) tod 
424-04OZ8. alluvial 
t Includes l,127-68ozj. dollied and specimens and 118 oOozs. alluvial. 
There was also 3162-88ozs. of silver obtained from ore. 
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Topography. 

The area comprised in the map varies in height from about 
845 feet to 1,580 feet above the sea level, and about one-haK consists 
of well-wooded ranges of hills, trending slightly east of north. The 
principal exception occurs southward of the Princess Royal township, 
where there is a due east and west ridge. The height of the bed of 
Lake Cowan is 685 feet, while that of Lake Dundas, eastward of the 
Norseman Government tank, is about 20 feet lower than Lake 
Oowan. The wooded hills and extensive lake flats give a very 
varied appearance to the landscape (Figs, land 2). The western 
shores of the lakes ara mostly steep and rugged, while the eastern are 
mostjy gently sloping ground. These lakes are dry during the greater 
part of the year ; but in the driest seasons there is moisture at 3 or 
4 inches below the surface in their central portions, the evaporation 
of which is the cause of the very conspicuous mirages that are 
continually to be seen during the warm portion of any bright 
summer day. Blown sand ridges and banks composed of fine particles 
of gypsum and sand are of frequent occurrence on the eastern borders 
of the lakes, and carry a scanty vegetation ranging from the 
so-called samphire plant (Salicorina arhuscula) to occasional gum 
trees up to about 20 feet in heisrht. 

The east and west ridge already mentioned is mostly covered 
with spinifex and a few scattered shrubs. This paucity of vegeta- 
tion is caused through tbe scanty and silicious soil produced 
by the decomposition of the norite rock, being unsuited' to the 
growth of trees. Almost all the other hilly country has an open 
bush composed of salmon gum, white gum, blackbutt and morell, 
ranging up to 2 feet in diameter. The whole of this is being 
graduidly cut down for firewood and mining purposes, and unfor- 
tunately often in a very wasteful manner, many of the larger butts 
of the trees being abandoned instead of being split up, a practice 
which the purchase of timber by weight instead of by measurement 
would diminish greatly. It is satisfactory to see that the growth 
of the naturally sown young trees, judging by some of those tracts 
that have been worked over or had forest fires on them, appears to 
be over one foot per year. 

The hills are rounded in outline, except along the banded 
quartziie and ironstones near the west side of Lake Dundas and 
Lake Kirk ; there the ridges are steep and rugged, intersected at 
intervals by narrow gullies, with huge boulderlike outcrops of the 
banded rock ; the tops of these ridges and spurs have, in places, 
ragged masses of laterite. 

The meteorological observations taken at Norseman from the 
beginning of 1897 to the end of 1904 show a yearly average of 
10*31 inches of ramfall, the lowest being 6*44 inches 'in 1899 and 
the highest in 1904, when it was 1419 inches. 

Eight observations were made for magnetic variation and dip 

T the writer, these are shown on the geological map. In the 

aphibolite area it ranged from 1*58° west and 21-87° south at 
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Norseman, to 3*06® west and 2562° south at Princess Rojal, while 
in the banded ironstone area it varied from 1° west and 2112^ 
south at the Government Tank to 616° west and 19*25° south at t]ie 
Lady Mary G.M. ; at the latter place there is a considerable amount 
of magnetite in the ironstone. Some samples which the writer 
found on the east boundary of this Company's ground were 
sufficiently magnetic to pull the compass needle right round the^ 
circle. 

Water Supply. 

The well water in the district is mostly either brackish or salt,, 
the only exception occurs along the margins of the east and west 
norite ridge, where potable water has been found at W.R. 167, but 
t!ie supply is limited. For analyses of this and other samples, 8e& 
Table I., page 118. 

The water from W.R. 168 is more saline, but both this and the 
water from W.R.'s 160 and 146 is used for stock. The reason of: 
the saline character of the subsoil water is explained by Mr. G^zel,. 
in his official report, which is referred to on a later page. The well, 
water being inadequate for 'either boiler or battery purposes, and. 
the mine water also, excepting that at the Desirable and Three 
Colonies, endeavours were made in the early period of the mining 
industry to obtain water from the lakes, as none of the mines were 
a greater distance than two miles from them, but it has not been 
found possible to obtain any supply by boring, and only a precarious, 
one by collecting trenches. Trenches are, however, being used by 
the State Battery, the Mararoa, Cumberland, and Lady Mary- 
batteries. Mr. E. S. Simpson, the Mineralogist and Assayer, dis- 
cussed the use of brines in gold extraction in the G^ologicjil Survey 
Report for the year 1898 (see Table I., page 118). 

The u])per stratum in these lakes is largely a gypsum sand, 
but there is usually a clayey bituminous silt below this sand. The 
Public Works Department put down a bore in Water Reserve 3326, 
in the Norseman township, previous to 1896 and reached " diorite " 
at 165 feet ; a small quantity of water was met with in this bore» 
scarcely sufficient to warrant more work being done; however, 
further prospecting subsequently located a permanent supply of 
salt water only 50 feet north of this spot, and a well of 127 feet was 
made which affords a supply of 4,000 gallons per hour. This well 
has been leased jointly by the State Battery and the Norse inaa 
Qtold Mining Company. 

In September, 1896, a bore was put down on the sand ridge about 
35 feet above the lake, and about eight chains east of the edge of 
the lake, by the New Coolgardie Water Supply Company. Mr. W. 
C. Burkitt, who was in charge of the boring party, informed me- 
that sand and clay were passed through, and water struck at 58 feet, 
in a band of ironstained rubble about three feet thick, and then 
sand and clay again. The country rock was met with at 99^ feet, 
and the bore was continued into it for seven feet. Another bor^^ 
was put down in the lake about 17 chains from its edge, and about 
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29 feet from the edge of the ditch, by the same company. The 
manager, Mr. A. MofBin, supplied the Department, in September, 
1900, with the following particulars : — 

" Sinkiiig was easy, through clayey material for 13Qft., when soft rock 
irith pjrites was met with till 175ft. was reached, and then soft hituminous 
imid, and at 90Qft. a pyriteons bed and quartz ; at 305ft. it changed to clay 
with pebbles and very hard slate until quartz was reached at 377ft. Water 
fsme within dft. of the top of the bore, but this could be readily pumped 
^wn, mad the company then ceased operations." 

The iron casing and plug now mark the spot. 

In 1899, the Government constructed a large concrete-lined 
lank three miles from Norseman, near Lake Dundas, capable of 
holding 2,858,100 gallons at a cost of J£l 6,955, from which water is 
pumped up to two iron service tanks near the Valkyrie G.M., from 
vfaeiuse a supply pipe extends to Princess Royal, with a branch pipe 
to Norseman. This has now been found insufficient for the require- 
laentg, and auxiliary tanks are contemplated. 

Prerioiu ObaervationB on the Oeology of the Dundas Gk)ldfield. 

A brief reference is made to the goldfield by Mr. H. P. Wood- 
ward, the then Government Geologist, in his Mining Handbook to 
the Colony of Western Australia, published in 1894, p. 77 ; a second 
edition of which was published in 1896. He says on p. Ill : — 

"The auriferous belt is narrow and seems to be the southern extension 
cf the Coolgardie line, but south of this it has not been traced. There are 
time or four lines of gold-bearing reefs, but the gold-bearing stone rarely 
<ntcrope» so that a good deal of prospecting is necessary." 

On page 38: — 

" The sixth, or second auriferous belt of granites, gneisses, and schists, 
ties next, and at present its width is unknown, but it is certainly considerable 
in places, and has been proYed, wherever prospected, to be extremely rich in 
gold. It extends from the Dundas Hills (where this formation first out- 
crope from below the sand plains) by Wagemulla, Coolgardie, the Three 
Phmadeaj Ularring, Lake Carey, and following the same line as the other 
belts and turning with them to the north-west by the Nullagine, Marble 
Bar, Pilbarra, Egina, and Mallina upon the north-west coast.'' 

About the end of May, 1893, Mr. 8. Goczel accompanied ^a 
GoTernment survey party in the capacity of Geologist, and made a 
trip to tbe Dundas Hills and their surroundings, and from thence 
via Mount Ridley to Esperance Bay, arriving there on the 25th 
September; his report appeared in the ad interim report of the 
Department of Mmes for the half-year ending 30th June, 1894, 
Appendix 6, p. 36. He considered that the direction of Lake 
}owan is along an old break in the Archaean strata ; this break 
xtending through Lake Lef roy, Lake Cowan, and the lake south of 
i)anda8. 

Mr. Goczel, in his report on " The Central Goldfields of Wes- 
vru Australia," on page 27 of the same publication, says : — 

" Of banded rooks the most generally represented on the goldfields are 
mhibolitee — ^they overhiy the gneiss sometimes directly and sometimes 
MS of quartzite, of syenitic gneiss, of mica, or of hornblende schist occur 
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between them — the upper strata of the amphibolites appear as chloritie 
schists. Of the massiye rocks the older greenstones (diorites, diabases) and 
felsite porphyries are best represented. Beds of volcanic tuffs (greenstone 
and felsite tuffs) are abundant and extensive. Hill ranges, formed of striped 
ferruginous ribbon-jasper, indicate generally, lines along which breaks and 
dislocation have occurred. Those jaspers are the product of hydrothermal 
metamorphosis, over-heated waters, forming part of the eruptive magma, 
have forced their way into the pores and fissures 6t the adjoining amphi- 
bolites. By means of the introduction of sib'ca, and complete re-crystallisa- 
tion of the original material, the mineralogical constitution of these rocks 
was completely altered. Those tuffs have been spread over wide areas by 
the waves of an ancient ocean, they consist of volcanic ashes, sands, lapilli, 
and the already described volcanic spherulites whose ejection was oon> 
temporaneous with the felsite porphry eruptions. In all probability sub- 
marine volcanic emissions have delivered their material to the ancient ocean» 
which, in its turn, has deposited them in the form of beds, following the 
deviations and depressions of its bottom." 

On page 17 he continues — 

" We meet with strata of the same section (Arohean), rocks forming- 
basis sometimes overlaid by cappings and beds of ferruginous grits ; 
sandstones and conglomerates which hardly ever attain any considerable 
thickness. These strata are more prevalent in the northern parts, chiefly 
in the Lake Cowan country and in the Dundas hills, on a relatively similar 
level, but at considerably lesser absolute height. In those parts of the 
country those strata are usually protected by overhaaging gfreenstone 
formations and show their development in form of quartzite banks, 
conglomerates, shales, and phyllites. The old greenstones (diorite, diabase, 
gabbro), including the schistose and banded features (felspar — ^amphibolites, 
schists, etc.) form hills and ranges along gigantic breaks in the Archsean 
strata, they generally also indicate those stretches of country in which gold 
deposits occur. There can hardly be any doubt that the old greenstonea. 
are eruptive rocks of this i)alffiozoic era." 

On page 28, he speaks of the primary gold deposits, and 
attributes a hydrothermal origin to the quartz reefs, and on page 
29 classes the lodes as single and compound — 

" The latter are simply dykes, sometimes diorite or diabase, but chiefly 
felsite porphyry, containing small auriferous quartz lodes in their body. 
• • • • The lodes occurring in the dykes owe their origin to the contraction 
of the cooling magma, or in some instances to pressure, and the material 
which now fills theiu was introduced in solution ; the former has usually 
massive quartz, and the gold occurs in ore columns, or so-called shoots of 
greater or smaller extent." 

In regard to surface deposits he says, on p. 26 : — 
" The rock decomposes under the atmospheric influences, the schistose 
and tufaceous country absorbs the falling rain almost immediately, conse- 
quently the detritus of decomposition on the flat areas is not removed by 
surface waters ; it often accumulates. The detritus of the country rock 
being almost entirely removed by wind, a continuous increase of the balkier 
fragments takes place. The limit of that accumulation of qtutrtz and iron- 
stone is reached when the surface is covered with them, so that they form a 
cover of protection for the underlying detritus against the winds. Until 
that period, the surface of an area subject to such sBolian surface accumu- 
lations recedes to a lower level, and the accumulated fragments receive in 
course of time, under the atmospheric influences, rounded and smooth 
surfaces. From the time when aolian denudation ceases, accumulative 
decomposition proper takes place ; that is, the surface detritus increases at 
the expense of the underlying decomposing rock. This feature of decom- 
position is the one most frequently met with on the goldfield." 
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In regard to the inland salt lakes, be says, on p. 25, that : — 

" Hie salt is from the disintegration of rock forming minerals, with 
J rain new enpplieB of salt are carried towards the depressions. Besides 
chloride of sodium, or common salt, considerable quantities of carbonates, 
anlpfaatefl, and chlorides of calcium, magnesium, sodium, and potassium are 
disBol^ed and transported into the lakes. Here evaporation takes place. 
In water the point of saturation is first reached with sulphate of calcium or 
g¥|gum , and only later with common salt. At the beginning of dry 
weather the ahores of the lakes are covered first with glittering crystals of 
gypsum before the eiBoresoence of salt appears. The gypsum banks along 
the ahcnnee of lakes gives us an idea of the quantities of material dissolved, 
tiaiiaported, and r^eposited by the waters. Those gypsum banks which 
we see are only the more recent products of the above process of nature, 
and mnch fpreater quantities are already buried by lacustrine sediments and 
As evaporation progresses, salt is deposited at the bottom of the 
mtermixed with sediments consisting of fine-grained argillaceous 
The bulk of these sediments is blown by the winds into the lakes. 
Itftfjge areas, forming parts of the beds of shallow salt lakea, are repeatedly 
had dry by evaporation, and their salt efflorescences appear on their surface. 
In dry and windy weather, salt and dust of such dry lake areas are scattered 
by the ^irindB over the surrounding country, supplying its soil with a consider- 
able quantity of salt. To the salt supplied in this manner, the extension of 
a saline regetation far beyond the limits of the lake is due. The more 
easily soluble salts are deposited only by a complete evaporation, 
eoDseqaently only gypsum and common salt are generally met with." 

I>r. Charles Obewings read a paper, entitled *' Geological 
Notes on the Ooolgardie Goldfields,*' before the Royal Colonial 
Institiite on 17th March, 1896. This has already been summarised 
bj vaj former colleague (T. Blatchford) in Bulletin No. 3 on the 
Geology of the Coolgardie Goldfield. On p. 5 he speaks of — 
** vast beds of conglomerates, interbedded with the schists and slates/' 
and on p. 10, in regard to Norseman, 

**a great variety of dixk-coloured schists and slates and crushed diorite 
have been here intruded into by the heaviest diorite eruptions I have 
seen on the field. While the reefs follow a north-south strike as a rule, and 
underlie in general to the east, this is by no means without exceptions. The 
cooni^ appears to have been much disturbed, and cracks were formed in all 
directions, and the reefs that now fill them also run in various directions. 
From what I saw I conclude the quartz reefs, almost without exception, 
carry gold; many of them are rich. Some are large and others small, and 
good specimens are occasionally obtained. A railway to this field is badly 
needed." 

A topographical sketch map and geological section of the 
Noraeman district was made and published in 1896, by James 
Parkinson, F.G.S., on an approximate scale of one inch per mile; 
this appears from a letter received by the writer from Mr. Parkin- 
son was In the year 1896 ; the place of publication, however, is not 
slated. The plan showed a proposed loop tramline and branches, 
altogether about nine miles in length, extending from Messrs. 
BeTilaqua and Thompson* s battery, which was the first battery 
erected on this goldfield. The tramline was laid out by Mr. Stirling 
Smeaion, C.E., and was for a two feet six inch gauge, and most of 
the earthwork had been made when the scheme fell through. 

In the Geological Magazine, decade 4, Vol. 4, No. 398, p. 863» 
August, 1897, there is a paper on " The Dry Lakes of Western 
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Australia/' bv H. P. Woodward. He contends that the term 
/Make" is a misnomer, and that the lakes are merely large claj 
pans in valleys in high sand plains, and from these valleys rise 
steep rocky ridges consisting of hornblende schists, diorite dykes, 
and quartz reefs, which compose the auriferous series and that — 

" These vaUeys form the main drainage of the country, which falls in a 
south-easterly direction, hut so gradually that the rain water, instead of 
cutting out a channel, spreads out in a hroad sheet over the flat sarfaoe, 
thus forming, during a wet season, a series of large hut extremely shallow 
lakes. The beds of these pans are for the most part composed of a thin 
layer of clay, which rests directly upon the upturned edges of the highly 
inclined decom|K>sed schists heneath. In other cases the covering of day 
is entirely wanting, the floor bein^; apparently formed directly by the planed 
down edges of the indurated rock." 

A pamphlet descriptive of the mines of the " Norseman Gold 
Belt " was drawn up and published by Mr. Arthur Catlin towards 
the end of 1899, from visits to the mines made between September, 
1898, and March, 1899. His detailed accounts have been of 
considerable assistance in the present account, and, where used, 
acknowledgement is made. 

Mr. H. P. Woodward also reported on the Dundas Gbldfield 
in 1901, and it appeared on page 15 of the Annual Progress fieport 
of the Geological Survey for that year. He states : — 

" There are about three distinct main lines of auriferous lodes, most of 
which dip at an angle of about 45 degrees, and vary considerably in size and 
richness. A very considerable amount of development work has. heen done 
upon them, and it is difficult to understand why some of them, which aie 
undoubtedly payable propositions, should have been abandoned, whilst in 
some instances it is strange to find that so much money should have been 
expended upon such valueless lodes." 

Of the former, he mentions the Desirable and No. 1 North 
Norseman. In regard to the Princess Boyal Deep Lead, he says : — 

" The wash is a mottled clisiy, with ironstone nodules and rounded quarts 
pebbles, whilst the gold is often found in considerable sized pieces. The 
gutter is 90 feet in width, resting upon a decomposed schistose bottom, the 
eastern bank of which rises abruptly aud the western gradually. This lead 
must be of considerable antiquity, as the slides that have taken place in the 
bed rock ore are often continued through the wash itself." 

Mr. A. Montgomery, the State Mining Engineer, visited the 
Norseman district in 1908. His report is to be found on p. 53 of 
the Division 2 of the Report of the Department of Mines for that 
year. He refers to a local proposal to test the country between the 
Norseman easterly reefs and the laminated quartzite series, whose 
underlay converge together. In the latter formation, he says : — 

*' The main veins of quartz seem usually to be parallel to the laminations 
of the quartzite, but the smaller ones are very irregular, and run in all 
directions through it. The quartz and brown oxide of iron carry some gold» 
and a good deal of work has been done in consequence, some of it with 
rather hopeful results. At first sight the impression is that the quartzite9 
and jasx>er8 are a belt of metamorpbic rocks origij^ally of sedimentary 
origin, and it may be that this is correct ; but after examination of the very 
similar occurrence of jasper reefs at Boorara, KalgoorUe, Edjudina, Erlia- 
-» toun, and Black Range, I am of opinion that they are much more probably 
^altered portions of the greenstone country, in which laminated stmctoTB 
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bt been prodaoed by intense presBure and shearing stress along a line or 
nue of faulting moToment, and that the change of rock to quartzite and 
jasper has been effected by hydrothermal and pneumatolytic action (i.e., by 
the action of intensely heated aqneons vapour) removing soluble con- 
stitneatB from the rocks and charging them highly in return with silica and 
oxide of iron .... and pyrites so as to make it no?r partake of the 
r of a lode." .... 



And upon the Ladj Mary deep lead he says : — 

" Undoubted alluvial material was obtained, containing well water- worn 
stotes, though mostly of a clayey character, and yielding encouraging 
pni^ectB of gold. One fairly large nugget that had been obtained was 
>faovD to me, and was remarkably hee from any sign of attrition by being i 
titDsported by water, showing several sharp crystalline points. A lot of the 
fine gold was also crystalline and deposited in the faces of small crevices in 
6aj9j material and along minute rootlets of trees, which had penetrated 
iswa from the surface. The occurrence was quite similar to that of the 
pM in the well-known "pug" at Kanowna, to which some of the mdre 
chjey material bears a very strong resemblance. Some of the gold, how- 
WW. was of the ordinary " water- worn alluvial character." 

He considers the crystalline gold to have been dissolved and re- 
precipitated. 

"With the exception of those in the quartzite belt, which are largely 
wontryrock infiltrated and partly substituted by silica, with ramifying 
?«rte veins, the reefs of this district are composed of fairly clean white 
^Qvtz, with a small percentage of pyrites. In places, however, the green- 
rtooe country rock itself has been highly charged with silica, and the values; 
UB in dark siliceous material similM: to that so common in the lodes of 
^jfoorlie. The walls of the reefs have usually well-defined, smoothed and 
itriated surfaces, showing, them to have been fissures on which movement. 
rf the country took place. They have every appearance of being permanent 
to My depth to which mining is likely to follow them." 

General Geology. 

The following table indicates the various geological formations 
occnnring in the portion of the Dundas Goldfield embraced by the 
Qeological Map :— 

r Ironstone Gravel and Laterite 

Supe^cial Deposits ^raver^" 
C Dolomite. 
^ Norite 
Crystalline Rock- Granite Porphyries 
A««^u;u^i:*^ Quartz Reefs 
fra^e^ridbv 1 Felsite and Quartz Porphyries 

traversed by Dolerite 

; Diorite and Epidiorite. 



With interbedded 

Metamorpbic 
Sandstones and 
Conglomerates, 



Quartz Reefs and Lodes 
Felspar Porphyries 

with" Banded ^ Mica-diorite and Epidiorite. 

Quartzites and | 

Ironstone l^ 
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The surface covering, excepting the hill tops, where the rock is 
uauallj bare, is concretionary ironstone gravel, which rests on kaolin 
in the flatter portions of the district ; both result from the decom- 
position of the amphibolite, which is the predominating rock. 

In the neighbourhood of the banded ironstones, the heavier 
residual particles left after decomposition of that material have 
re-combined as laterite, or concretionary ironstone [5613, 5067]. This 
laterite is found in all stages of solidification from stray patches to 
masses ten or more feet thick, forming cappings and fringes, chiefly 
on the eastern side of the banded ironstone ridges. It often weathers 
into boulder-like blocks having a dark rusty red colour, and these 
masses are often erroneously attributed by miners to volcaiiic action. 
Particles of gold are found sometimes in the centre of the ironstone 
nodules, or scattered throughout its mass ; also occasionally frag- 
ments and pebbles of quartz, but the ironstone conglomerate does 
not contain fragments or pebbles of other rocks, being simply a 
residual concretion. 

Kaolinized ground does not cover the country here to anything 
like the extent and thickness that it does at Kalgoorlie and further 
north. At the Princess Boyal townsite, there is a strip of this 
material about a mile long and a quarter of a mile wide, which may 
be either a remnant of a wider covering or be due to the felsite 
dykes in this locality, being very susceptible to decomposition. In 
the south end of the patch the deep lead referred to later on was 
found. No particular age can be assigned to this kaolin, it is 
probably mostly decomposed rock ** in 8itu" and has been increasing 
in depth as long as this has been dry land. 

The alluvium covering the flat slopes of the eastern side of 
Lakes Cowan and Dundas merge at depths with the lacustrine 
deposits that till up these immense lake basins; these deposits 
consist of dark bituminous silt and clay, which have been proved 
to have a depth of 377 feet. Some of the valleys and gullies that 
debouch into Lake Dundas have a considerable depth of kaolin. 
In the Lady Mary Gully a deep lead has been found, but only of 
small extent; other smaller gullies on the eastern slope have also 
gold in shallow gravel. 

Associated with the kaolin and decomposed amphibolite rock is 
a thin calcareous incrustation of travertine, which is a c^ilcareous 
residue or cement, resulting from the decomposition of the bed 
rock. This also occurs to a lesser degree on the norite area. 

Crystals of selenite can be seen in the lake trenche<l banks^ 
ranging up to five inches in length, whilst blown gypsum sand 
ridges are frequent along the south-eastern side of Lake Cowan^ 
where it has accumulated through the action of the prevailing 
wind : — 

The manufacture of salt by forming evaporating pans in the 
ake beds is quite feasible, requiring only the simplest procedure. 
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A dozen miners' homestead leases have been taken up in the 
district during the last year or two, principally for growing wheat 
ior horse feed. The experience in South Australia in districts with 
a similarly small rainfall shows that wheat growing is yery 
precarious, but dairying is being successfully engaged in. Where 
the latter has beep tried at Norseman it has also been successful. 
There seems to be a probability, judging from experiments that 
have been made, that both vines and fruit trees will grow in 
portions of this district and towards Esperance ; the gravelly soil 
appears suitable. 

Mr. £. S. Simpson, Mineralogist and Assayer, has supplied the 
following results oi analyses of two samples of gypsum from Lake 
Oowan : — 

G.8.L 

0.8.M 

Deecription 

Calcium sulphate, CaSO. 

Calcium carbonate, CaCO, 

Total lime, CaO 

Pure gypsum contains 79*1 % CaSO^. ^ 

Neither of these samples are suited for th<) manufactui'e of plasters 
owing to the presence of iron oxide, sand, and other impurities. They 
•could, however, be used for agricultural purposes, for which their 
applicability in Australia is somewhat limited. Gypsum is chiefly used in 
agriculture for : — 

(a.) Coagulating the colloids of heavy day soils, and thus rendering 
them more friable and more easily worked, (b.) Converting the highly 
objectionahle " black alkali " (sodium carbonate) into a far less harmful 
aooinm sulphate. I do not think any of our land in the State contains an 
appreciahle amount of black alkali, (c.) Supplying lime and sulphur, both 
plant foods, to the soO in a readily assimilable form. The great majority of 
soils already contain more than sufficient of these substances, whilst more 
are added in the form of phosphatic manures, (d.) Assisting in converting 
the alkalis of the soil into forms in which they can be readily absorbed by 
plants. Gypsum of high grade, used in small quantities for metallurgicid 
purposes, is at present, I understand, being landed at the Fremantle smelter 
for about 16s. per ton. 

Hillocks and long ridges of dolomite occur north and north- 
^east of Norseman, and on the south margin of the norite rock at 
the mineral lease No. 1 at Lake Cowan (Fig. 3) and another 
area near the Israelite Bay track, hear Lake Dundas. This last is, 
however, not within the limits of the map. Near M.L. 1, a portion 
of the dolomite has been silicified into flinty masses, varying in 
colour from grey and pale green to black. The dolomite is being 
quarried and burnt for lime at M.L. 1. It forms only an inferior 
kind of lime, but it saves the heavy .cost of freight that would 
otherwise be entailed. 

It seems most probable that these patches of dolomite have 
been formed by thermal springs, as they occur in places that are 

KoTB.— Since the above was pat in type it has been found that a sample of a similar 
heacfadepostt [4979] wasoollecteabyMr. J. B. Bankine in the year 1808, on the same 
^ude of lAke Cowan but 14 miles in a direct line northerly, and south.ea8t of the ]>ay 0awn« 
\V..L. 129, showing the wide extension of these deposits. -W. D. C. 
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favourable to such an origin. The only other explanation would 
be that tbej are altered sedimentary limestone, through the lu^tioa 
of water holding magnesia in solution, but no trace of any bedded 
character is discernible in the dolomite. 

Pio. 4. 
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About thirty chains north-east from M. L. 1 on the same patch, 
is a most interesting and as far as the writer is aware, unique 
opalized remnant of an old sea beach, at about 85 feet above the 
present level of Lake Cowan containing either late Tertiary or 
Recent marine shells, such as Turritella, Pecten, Cardium or Cardita 
and MargeUania and numerous fragments of other shells, Echinit 
and Polyzoa ; and the author would earnestly suggest that the 
locality be made a public reserve, so as to preserve this interesting" 
relic from destruction. The best portions where the shells have' 
been weathered out into relief having been, in the past, used for! 
purposes of road construction. This old beach is the one solitary 
evidence as yet that the southern portion of Western Australia was 
in recent geological time 900 feet lower than it is now, and it is 
worthy of the State's protection. 

Silicified specimens of what has l)een determined by Mr. 
Etheridge, the Curator of the Australian Museum, Sydney, as 
being true Eucalypti wood, occur on the valley flat of the Mary 
Cater Gully and on the latente flat on the north side of Windlaa 
Gully adjacent, both are north of the Israelite Bay track near 
Lake Dundas. In the latter locality, it occurs in a semi-chalce- 
donized matrix. This evidence bearing upon the history of 
Eucalypti in time is interesting. 

Mr. Etheridge mentions that — 

" McCoy has described definite eucalyptus foliage from the older gold 
drifts (Pliocene?) of Daylesford in Victoria. Ettingshausen also has 
described several so called species of Eucalyptus from the upper tertiariee of 
New South Wales ; viz. : Dalton, near Gunning and the main deep lead at 
the Vegetable Creek Tinfield, New England." 

The writer was shown an obsidianite, or volcanic glass button » 
about f ioch in diameter, which was found on the surface of Lake 
Dundas, north of the Narracoorte Gully. Their occurrence is rare 
in this district. 
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The extensive tracts occupied by the lakes present an interest- 
ing studj, and about which very little has been said and known, 
for until the few bores had been put down here and at Coolgardie, 
it was supposed that they were only shallow hollows. In W.R. 94 
at NorBeman, a bore situated about 1,100 feet from the edge of the 
Lake proTed a depth of 'dl*? feet of silt, and at Coolgardie 400 feet 
(fee ATiTnia.! Progress Beport of the Greological Survey for 1900, p. 
22). In the latter place there could be no outlet for running water 
at this depth, and there must be there, a rock basin 400 feet deep. 
lAke Cowan evidently is another rock basin, only of immensely 
larger extent. A considerable portion of the north part of Lake 
Kirk has a flat floor of rock that has been planed down hori- 
zontallj showing the hard upturned edge of rock, with numerous 
veins of quartz traversing it ; the surface is cleanly cut and unde- 
eomposed. 

In regard to the origin of these rock basins, there is but one 
agent that could scoop out hollows such as these, and that is ice; 
in either the form of an ice cap over the whole country or by more 
local glaciers. This assumption is by no means an improbable one, 
it woTild be quite in keeping with the evidence of known ice 
grooTing of rock surfaces in South Australia. There is proof of 
a great alteration of the level of the land having occurred here in 
recent geological time, in the old sea beach already described. It 
las moreover previously been shown that ice worn markings on 
boolders occur in the Gaecoyne Carboniferous conglomerates which 
indicate glacial conditions (see Annual Progress Beport of the 
Geolo^cal Survey for the year 1900, p. 28). 

The prevailing rounded features of all this part of TVestem 
Anstralia would be quite such a configuration as would be produced 
by glacial action. 

The distribution of the obsidianites over the face of the 
country appear to be very irregular, and appear to point to other 
sources of distribution than sub-serial. That they are volcanic 
ejeeta is self-evident, but their source is still a mystery. The 
author would suggest that their distribution has been largely by 
means of ice drifting from some antarctic region. The greater 
portion of the southern seas may have been at one time covered by 
Mse floes, which would be coated with snow ; this would afford a 
soft bed on which obsidianites would fall and cool, and the floes 
might then drift to and strand upon Australian shores; the ice 
would in time melt and deposit them there. 

How long, in geological time, these superficial deposits have 
been accumulating we have no means at present of knowing ; the 
planing down and shaping of the present surface of the underlying 
crystalline and metamorphic rocks has probably proceeded uninter- 
ruptedly throughout a vast stretch of time. 

There is no sign that any great thickness of sedimentary 
strata ever covered those rocks, as is the case in the eastern portion 
r>C Australia. What are now on the surface are but the stumps of 
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former mountains and dykes traversing the latter ; the most recent 
appears to be the remarkable band of norite which forms an east 
and west range, varying from one mile to half a mile wide, and of 
which Trig. Hill B 23, near Princess Boyal township, forms a part 
(Fig. 5). This immense dyke extends in an uninterrupted line to 
Mount Norcott, about 12 miles to the eastward, and further 
beyond that, while to the westward it passes to the other side of 
Lake Cowan. No intrusive rocks occur in this norite, which would 
thus appear to be the. most recent of all in this district. 

Three analyses of this rock are given in Table II. The structure- 
and analysis of mineral specimen [5616] from the point at the east 
end of the Causeway shows it to be a change towards a hypers- 
thenite, on the west side of Lake Cowan it is a peridotite on the^ 
south margin of the dyke. Mineral specimen [IS806] from Mt. 
Norcott may be taken as typical of the norite; a section of 
this has been examined in the Departmental Laboratory, and is thus 
described ; — 

"Coarsely granular, the most frequent mineral is a fresh multiple- 
twinned plagioelase felspar, almost wholly transparent, but a little cloudy 
in places, with numerous dusty inclusions mainly along cleavage lines. 
Diallage is the next most frequent, it occurs in large angular or rounded, 
fragments, with well-marked schiller structure ; colour pale green or smoky. 
Twinning occasionally gives rise to herringbone structure. Hypersthefts 
occurs in large rounded grains with numerous dusty inclusions, and is 
intimately associated with diallage. It is faintly pleochroic, pink to pale 
finreen, with small marked changes at times. Iron ores are represented by a 
few small irregular grains and hornblende by a few small irregular fragments 
of green hornblende." 

Mineral specimen [5439] from the road line west of Trig. Hill 
and [5581] from the bluff on the west side of Lake Cowan are very 
similar to this. In the former, portions of the diallage show a 
fringing of hypersthene, one being apparently in process of merging 
into the other. The examination of [5646] shows it to consist 
almost eotirely of coarse granular hypersthene, and in the inter- 
stires are small pieces of felspar. 

The next older in age probably are. the granite-porphyries 
closely associated with the quartz veins, they appear to follow the 
same lines of fissure as the quartz reefs. Some of these granite- 
porphyries may be earlier and some subsequent to the reefs. In 
Mt. Benson No. I Extended, GM. 52, it forms the eastern dyke, 
and is probably the dyke that is said to cut through the quartz 
reef ; in hand specimen L5085] it appears t<> be a fine-grained 
whitish rock, with small black crystals scattered through it. The 
laboratory description states that it is somewhat coarsely granular 
and largely micro-pegmatitic : — 

" Felspar and quartz are in large separate indiWduals, surrounded by- 
areas of same closely intergrrown giving a pegmatite structure, felspar 
mostly untwinned, but some grains show single and others multiple twinning. 
BiotUe — Niunerous aggregates of small scales." 

Another example ot granite- porphyry occurs at the Italia» 
Q.M.L. 165, near Lake Kirk [6(Wi]. This is very dark in colour^ 
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^most resembling the amphibolite. The Jjaboratorj description 
states it to be — 

" Piobably a grranite-porphyry, the felspar of which forma a finely 
gnnolar base, bat the species is indeterminable. Muscovite, coarsely 
fibroas, very frequent. Biotite, strongly pleochroic, pale yellow to deep 
brown, common in scales and fibres. Tr(m ores consist of irregolar grains. 
Quart*, frequently interstitial. SodalUe (?), occa3ion%l large colourless 
cnvtals, isomorphic. Numerous inclusions." 

What is probably a ^rranite porphyry accompanies the quartz 
reef in Norseman No. 1 North, G.M.L. 16, in the 100 feet level. 
wuth of the main shaft, sometimes on the hanging wall and some- 
times on the foot wall ; it is there looked upon as an indicator of 
gold in the reef, the sample obtained was too much decomposed for 
determination. 

The auriferous massive quartz reefs are scattered over a wide 
eit^ent of country, including most of the area in which the quartz 
porphyry dykes and banded quartzites and ironstones occur. Inter- 
sections with the dykes are favourable for values. Usually the best 
d^ned wall is on the hanging wall side of a reef, also clay partings, 
and slickensides mostly occur on that side, as may be seen at the 
Lad J Mary and St. Patrick G.M.*s ; but where there is laminated 
quartz, it is generally on the foot wall side, as at the Northern Star. 
In the Norseman and several other reefs, a good deal of calcite 
occnrs. In the banded quartzite and ironstone area, the reefs are 
<^ten more chalcedonic and lode like, partaking somewhat of the 
character of the surrounding rock, which is to be expected. With 
the exception of the Norseman line of reef, which is about two miles 
lon^c. the reefs are mostly short and vary greatly in mode of occurr- 
ence, some have well-defined walls, as at the Cumberland (Fig. 6) and 
Northern Star, and portions of the Princess Royal, while others 
have scarcely anv or no walls at all, and are greatly contorted as if 
following the foldings of a plastic condition of the amphibolite rock 
as at the Desirable and Valkyrie G.M.'s and part of the Viking 
workingB of the Norseman G.M. This may be explained by the 
condition of great pressure which must have prevailed at times 
when the reefs were formed, causing probably but little difference 
between infiltration and intrusion of the superheated siliceous 
Hqoid. It is also conceivable that, given pressure and beat, 
hjdrothermal and molten deposits of silica may be identical and 
oiake p(»8sible a connection with gradations, which would include 
orphyry, between these reefs and veins and a deeper seated 
granitic source. The accompanying sketch (Fig. 6) shows how 
M>rtionB of the country rock are at times entangled in the quartz 
bnning the reef. 

The main quartz and lode lines approximate to the magnetic 

'eridian and the chutes of ore approximate with the magnetic 

p aontherly ; but notable exceptions occur at the Northern Stiir 

4 Lady Mary G.Ms., where the chutes dip to the north. The 

OBition of ores is, possibly, if not probably, due to a considerable 
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extent to magQetic actioH, ao that the presence of magnetite should 
be highly conducive to the occurrence of gold, and this is what the 
writer has found to be approximately the case from Sawpit Gully 
to the south boundary of the map, though most magnetite occurs 
on the easternmost ridge, where, as yet, not much gold has been 
found. It is somewhat curious that the presence of magnetite in 
this district had not been previously observed. 

Fio. 6. 
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A very noticeable occurrence is the enrichment of the reefa 
when they pass through dykes : possibly, this enrichment is partly 
due to mechanical action, the interruption of the passage of oi-e- 
material, but it is also, probably, partly due to the interruption of 
magnetic currents along the reef and dyke lines. 

The special character about the reefs throughout the banded 
ironstone area is the way in which the gold is deposited at inter^ 
sections with the ironstone bands. The iron has had such a 
precipitating effect that the surrounding kaolin has often been, 
also heavily charged with the precious metal, forming a lode-like 
de|x>sit, as at Ziegler's Find and Lucky Call G.Ms. Apparently,, 
isolated patches of gold are characteristic of this line of country, 
and it would be in most cases too hazardous to attempt the 
excavation in bulk of a large body of these banded rocks on the 
strength of a few of these pockets of ore. Tlie subject of reefs i» 
discussed also in the economic geology section. 

The injection of the molten material which formed the 
felsite and quartz- porphyry dykes in fissures in the amphibolite 
rock belongs to a date or dates anterior to the formation of £he reefs, 
as the latter pass through them ; these dykes show a remarkable 
parallelism and persistence over several miles' length of country, in 
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a direction about 24 degprees east of north and vary from 2 or 3 feet 
to 150 feet in width, and are sometimes only 50 feet apart. At the 
Valkyrie mine they appear to divide up into a series of parallel 
dykes, which reunite again at a quarter of a^ile distance (Fig. 7). 

Pig. 7. 
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The numerous felsite dykes met with in the workings of the 
Princess Royal show a green siliceous rock with a waxy lustre, 
which decomposes readily on exposure to the atmosphere. The 
labomtory description of specimen [6111] is : — 

" Micro-CTystaUine, with occasional porphyritic quartz grains. Quartz : 
1 tern coarse grains, with dusty inclusions ; it is also finely granular in 
bttAp. Felspar : Finely granular base, largely felspar. Pyrites : Occasional 
^yiarae, irregular grains. Iron ore : Some small sporadic fi^ains." 

The presence of these dykes is distinctly favourable to the 
<]epofiition of gold where quartz reefs intersect them. An analysis 
iA this felsite is given in Table II. 

Quartz porphyry forms the greater number of the dykes in 
this district, the felsites being apparently confined to the neighbour- 
hood of the Princess Royal. Both are locally termed quartzites, 
but this is incorrect, as they are not alterea sedimentary rocks. 
Although these dykes must be far more recent than the formation 
if the banded quartzites and ironstones along the eastern margin 



of the area mapped, it is noticeable that thej do not intersect them^ 
and although their trend is oblique to that of the sandstones, etc.,. 
thej become deflected to a more north and south direction, where 
they approach them, as if the latter were too pliable or tough to be 
cracked or fissured. The banded quartz porphyry occurs also- 
mostly along this eastern margin of the amphibolite. 

The quartz porphyries vary very much in colour, from white 
to black, but always exhibit glassy beads of quartz scattered 
throughout their mass. They are occasionally pyriteous and 
slightly auriferous. The laboratory description of specimen [5000]^ 
a somewhat slaty sample, being : — 

" Typical quartz porphyry, having porphyritic grains of quartz and 
iron ore imbedded in a micro-crystalline base of quartz and felspar. 

Mineral specimen [59i6]- Microstructure : Micro-crystalline, a very 
little quartz is porphyritic, strongly banded, with occasional typical sphera- 
lites. Felspar; Very finely granular forming a large part of the section. 
QiMrit : Slightly coarser grains, largely developed in bands and irregpular 
lenses. Hornblende : Still more coarse, very numerous scattered fragments- 
arranged in bands and clustered round spherulites. Iron ore : Sponidic. 

Mineral specimen [5612]. Foliated, micro-crystalline, porphyritic with 
flow structure, round quartz grains. Quartz, in large porphyritic gprains,. 
with dusty inclusions, and in masses of very fine grains. Felspar, very finely 
granular, forms great portion of base. 

Felspar porphyry occurs in a dyke near Lake Dundas about 
five chains east of G.M.L. 328, among the metamorphosed sand- 
stones. The Laboratory description of mineral specimen [6010] 
being : — 

" Structure— fine-grained, slightly porphyritic ; weathered felspar, ia 

Sorphyritic crystals and fine grains much clouded, no twinning. Biotite,^ 
eep yellowish greenish to pale yellow in scattered irregular grains. 
Quarts in small interstitial grains. Iron ores in fine grains. 

At the eastern base of a hill about 2i miles east of the- 
Norseman Government Tank near Lake Dundas there is a large 
dyke of granite [6034] flanked on its western side by porphyry 
[6Q28J, [OraS], [0033] and then again by quartz porphyry [6031] which 
is crushed on its westeiji side into a'mica schist [OCOO]; the adjacent 
aoiphibolit© is al^o crushed into a foliated and daty condition;: 
there is a small quartz vein in the schist ; some prospecting hole» 
and claim posts indicate that probably some traces of gold were^ 
found here. The granite appears slightly crushed, but the- 
amphibolite, adjacent on its eastern side, does not show much sign 
of alteration. A quarter of a mile further east, on the other side- 
of an arm of the lake, a large p^matite vein outcrops. 

The analysis of a sample of this [6035J shows it to be composed 
of almost pure quartz : — 

S^O, gsoi 

CaO -44 

K.O 13 

Na,0 -48 

Al.O, -82 

99-88 
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The quartz appears to be largely pseudomorphous after a soda- 
lioie felspar, and shows zonarj structure of felspar, «e6 also [0036]- 

The cross section, comprising Plate V., shows this dyke. The 
kboTafoTT description of a slice of the mineral specimen [^^1 being 
as folIo^HTs : — 

* Stmeture— Coarsely granular quartz, felspar and biotite, with small 
crygtalB of Eircon embedded in areas of fine grained quartz, felspar, and 
biotite." 

An analysis of this specimen is given in Table II. The crushed 
sample of this rock show fractured crystals of quartz and felspar 
in a granular mass. 

About the same age as the felspar porphyries probably were 
the various scattered intrusive veins and dykes of dolerite ; a good 
ample was met with in the Cumberland G.M. at No. 1 level of the 
main underlay shaft, at 242 feet easterly, a sketch of which is 
shown below (Fig. 8). The dyke as an incipient form of columnar 

Pig. 8. 
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jointing so often assumed by basaltic rocks, which are merely a 
finer grained variety of this rock. Although the dyke passes 
v&iuterrupt^dly through the line of the quartz, the impression left 
in the mind after a careful inspection is that it is probably the older 
g€ the two, for the quartz on one side of it is in two smaller veins^ 
as if the siliceous solution had found its way through the dolerite 
at some place and resumed its line of deposition of silica in divided 
portions. An analysis of this specimen [9119] is given in Table 17. 
The laboratory examination of this rock is : — 

''Structure — Micro-poiphyritic. Felspar , in small lathe-like orystals, 
fonniii^ about one-half of the base. Augite, in small grains forming a large 
part of the base. Ilmenite, often altered to leucoxene, frequent in fine 
gxaios in base. Olivine, in large colourless porphyritic fi^ins, very fresh^ 
vith fairly numerous fissures and inclusions. Sometimes twinned. Horn- 
Unde, a few green pleochroic and porphyritic grains. 

The next class of rock to notice is diorite ; its structure shows 
well developed crystals, showing that it has solidified under pressure^ 
nraally in dykes or horizontal expansions termed laocolites. In this 
dsrtrict, however, it behaves mostly as large lateral sheets or flows 
which appear to be and were probably intruded while the amphibo- 
hte was in a semiplastic state, almost or quite contemporaneoua 
vitb the amphibolite. The amphibolite must be the result of 8ub« 
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marine eruption, as it is interbedded with the metamorphic sand- 
stones and conglomerates and has a bedded and even almost slatj 
character in places [5471, 56SS, 6001]. 

A diorite dyke [5086 J occurs between the two quartz porphyry 
dykes at the Star of Erin G.M.L. 94^, where it is noticably harder 
than the more decomposed amphibolite around. The Laboratoiy 
description is as follows : — 

Hornblende, green pleochroic hornblende forma the greater portion of 
the section, in coarse crystals without regular arrangement FeUpar, 
plagioclase in long slender mnltiply-twioned crystals somewhat frequent, as 
are also enclosures of hornblende. Iron ore, numerous small sporadic grains. 

At the main shaft of the Princess Royal South Extended 
G.M.L. 647, two classes of rock are very noticeable, these junction 
near the bottom of the shaft ; the finer grained one is diorite [5471] ; 
it shows a flow character, having distinctly defined and rounded 
margin, it is considerably harder than the coarser rock, which is 
amphibolite. The Laboratory description of this diorite is :— 

" Structure, finely crystalline* (aphanitic). Hornblende. — Bright green 
hornblende forms the larger part of the rock in small interlacing crystals, 
with ragg^ edges penetrating the felspar and frequently fibrous in struo> 
ture. Felspar, in small irregpolar grains between hornblende, and also in 
long, narrow, clear crystals with very low extinction angle, probably, there- 
fore, albite, contains numerous small inclusions of hornblende. Iron oreB, 
very many small irregular grains." 

The intrusive veins [66601 that can be seen in the coarsely 
crystalline amphibolite at the foot of the hill on the south side of 
the clay paii about one mile north-west from Princess Royal are 
probably diorite. 

A mica-diorite dyke occurs along the centre of the banded 
quartzite and ironstone south of the Bon Accord, G.M.L. 734, 
[5942]- The Laboratory description is : — 

" Stmcttire, finely granular. FeiUpar in finely granular masses. BiatUe, 
small fiakes of brown biotite singly or in aggregates, very numeronB, 
strongly pleochroic, straight extinction in many fragments. Quarts in 
numerous small interstitial grains. Iron Ore mainly lUnenUe altered into 
leucoxene.** 

A few feet west of this sample the rock becomes a Biotite schiM 
[5081]. The analysis is given in Table IL The laboratory descrip- 
tion is : — 

" Structure, finely g^nular. BioiUe most common mineral, in small 
brown strongly pleochroic grains. Felspar, fine grains between mica. 
Quarts, a few interstitial grains. Iron ores, scattered grains of various sizes 
not very common." 

Hand specimens of this and the previous and subsequently 
described varieties are, however, hardly distinguishable from each 
other. The western side of this dyke becomes a hornblende mica- 
diorite [6062>6063]» which weathers into a peculiar honeycombed 
surface. An analysis is given in Table II. The Laboratory des- 
cription is as follows : — 

'* Structure, coarsely granular. Hornblende, strongly pleochroic, deep 
green to light yellow, in large crystalline fragments. Biotite, frequent in 
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itnag^Iy pleoehroic flakes, dark brown to pale yellow. Quarin, Felspar, and 
Cdeiit, munerons inteTstitial grains. Ilmenite, numerous irregular grains. 
n» Mction shows a vein with quartz hornblende and zeolite ? 

Besides these diorites there are masses of rock which differ from 
tbe trae diorites in that their hornblende is undoubtedly secondary, 
ind probably derived from the alteration of a pyroxene, and are 
tkrefore classed as Epidiorites^ but it is included in the same 
oobur as the amphibolite in the map. Epidorite occurs at the 
Wftble G.M.L. 848 [5441]. The Laboratory description of which 
a:— 

Stmcture — ** Coarsely crystalline, strongly metamorphosed. Hornblende, 
WgeoTBtals, strongly pleoehroic, bluish green to yellow, some singly twinned, 
nae fibrous in structure, and almost all with feathery terminations. Also 
BUtedmaases of fine crystals, and in small crystals embedded in quartz 
imI felqxtf, nndoubtedly of secondary origin. FeUpar, completely altered 
^ adoody aggreicate of secondary albite, epidote, etc. Numerous small 
^odoioraB of hornblende. Quart*, in numerous masses with ill-defined 
iir^^iUar boundaries of spicular hornblende, altered felspar, etc., and 
<Bc^dag nnmeroas spicules of the former, also irregular fragments of the 
Ittttf, eridfintly secondaEy. lUnenUe, \axge skeletal crystals as well as 
sttD gninsy which probably also include some magnetite." 

Another mass of ^idiorite forms the west boundary of Lake 
Crk at the Sunbeam G.M.L 157 [5800]. The Laboratory descrip- 
^n of which is: — 

"Structure, coarsely crystalline. Uomhlende, very pale, fibrous, and 
'^'^^ines sheaf-like, with feathery ends ; also in numerous embedded 
"pcvleayall undoubtedly secondary. FeUpar, finely to coarsely granular, 
^'^^'ioasUy multiply-twinned ; numerous inclusions of hornblende. QuarU, 
^Httie iaterstitial. Iron ores in large and small angular giains." 

These epidiorites and their modifications are so greatly inter- 
"axed with the surrounding ainphibolites that form the bulk of 
fe countiy rock, that it has not been found possible to map 
^beir bonndaries, they are almost certainly portions of the one rock 
nags. 

A porphyritic diorite occurs at Buldania, a reference to which 
^ given in a brief notice of that group of leases at the end of this 
action of the report. 

We come now to the material of which the greater portion of 
% country rock of the district is composed, viz., Amphibolite. 
« assumes a great variety of forms ; the normal type varies from 
^nely granular to aphanitic, it is slightly amygdaloidal at the 
I 3it north of the west end of the Causeway. It has planes of 
^ iding that may be plainly seen in the cliffs of the islands and 
' og the west side of Lake Cowan, underlying about 65 degrees to 
^ west. In general character the rock is'massive and occasionally 
' ^y, as at the islands and cliffs preyiously mentioned. A schistose 
^ facter is sometimes developed, where quartz veins and quarts 
I ohyry dvkes occur in their immediate vicinity ; this foliation is 
' ys in the pUne of the reef or dyke. A sample [Ii960] from the 
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300-feet level at the Cumberland main underlay shaft, a grey 
coloured rock, is thus described in the Laboratory examination : — 

** Hornblende, light green in large and small crystals. Biotite, numerous 
brown scales irregularly distributed and apparently replacing hornblende. 
FeUpar, finely granular, interstitial. Iron ore, very numerous, large and 
small grains." 

Another from about 200-feet level of the Lady Mary main 
underlay shaft [6402] is : — 

" Coarsely crystalline. Hornblende (Uralite) forms the bulk of the rock» 
in large sheaf-like bundles of pale green and yellow fibres. Undoubtedly 
secondary. Iron ores (Ilmenite and magnetite), in numerous large and 
small grains of irregular outline." 

These descriptions are typical of the general character throughout 
each mine. 

Another specimen [5472] from the Princess Royal Si)utb 
Extended, G.M.L. 647, has a coarsely crystalline structure : — 

" Hornblende, forms the greater part of the rock, in large crystals mostly 
very pale green, occasionally deeper green or brown. Some crystals, fibrous, 
and many with feathery terminations, also in areas of small felted spicules. 
Small inclusions of iron ores very numerous, hornblende almost wholly 
secondary. Felspar represented by relatively few irregular ores very much 
clouded through alteration. lUneniie, many large fragments altered almost 
completely to grey transparent leucozene. Much fine dusfy black matter, 
which may be ilmenite or magnetite." 

As a type of the aphanitic amphibolite, we may take that 
which forms a large part of the top of the high hill about two miles 
north of Princess Royal [5il6]. The Laboratory description is aa 
follows : — 

" Structure finely granular. Hornblende forms main bulk of rock in a 
mass of small interlacing ciystals, pleochroic, pale green to yellow, 
probably secondary. Ilmenite, in large and small irregrular grains, mainly 
altered to leucoxene. Secondary Quarts, felspar and probably ealcUe fills 
small interstices between hornblende." 

An anahsis is given in Table II. of the amygdaloidal 
amphibolite [5660] from north of the point at the west end of the 
causeway. The Laboratory description is : — 

" Structure, finely crystalline. Hornblende forms almost the whole of 
rook in radially fibrous spherules and interstitial masses, evidently secondary. 
Iron ore.t, in scattered, irregular grains. Qnartt, a few small interstitial 
grains and veinlets, calcite ditto, also in amygdaloids (?)." 

Sample [5503], from the cliff opposite the large island in Lake 
Cowan, is described thus : — 

'* Structure, coarsely granular. Hornblende forms major portion of rock 
in large and small crystals, pleochroic, bright green to yellow. Felspar 
finely granular, interstitional, full of hornblende enclosures. Iron ores, very 
numerous, small grains. Quarts, a little interstitial." 

Along the western side of Lake Cowan the amphibolite is 
harder than on the eastern side, more resembling the Buldania 
type ; this is probably due to metamorphic action. This action has 
also induced a modification of the amphibolite, towards an actinolile 
rock, in places, chiefly between the quartzites. The Laboratory 
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description of sample [56B6j from G.M.L. 104, north of the Lady 
•'^an, which shows this change, is :— 

.,'*^'**^i«nd«i large fibrous sheaf, like crystals, pale green and yellow, 
laently secondary, altered in places to Biotite in small brown scales. Iron 
«•* large and small irregular grains. No felspars or quartz visible." 

•70^ ^^^*^®'' aotinolitic sample [5936], from Bon Accord, G.M.L. 
^<^, IS stated to contain :— 

*'^omblendc pale green and yellow pleochroic in interlacing fibrous 
ystals. Biciite, brown pleochroic scales frequent. Mwcomte (?), present 
""coloarlesa or pale green fiakes. Iron ore, in scattered grains and granular 
^Kg'^gateB common. 

Another sample [6021], from the Lady Millar, contains :— 

'* ^ofnblende, frequent in small fibrous crystals, pale green. Biotite, very 
wmmon in brown pleochroic flakes, probably derived from the alteration of 
■*® Hornblende, Iron ore, few email scattered grains." 

Interbedded in these amphibolites there are a number of north 

ana south beds of sandstone and conglomerates, the centres of which 

f>*ve been metamorphosed, chiefly by silicification and mineralisation, 

^to a series of bands of quartzite and ironstone, somt^tiuies 

? K?^*^ ' these occupy a strip of country about a mile in width 

^^* ^)- A distinction has been made in the mapping between 

Wie slightly metamorphosed portions and the quartzites, but they 

were origriually identical. The main core, so to speak, of quartzite 

M often composed of several subsidiary jaspery or ferruginous bands. 

-Tney form a most diversified series of rocks, mostly ferruginous, 

<X5cupyinfa: a strip of country about a mile in width, skirtinp: the 

^jest Bide of Lake Dundas, and near the west side of Lake Kirk. 

-ine series of parallel repetitions of these quartzites may be 

ezplaaned hy there being a folding of the strata by great lateral 

^"'®®®^.""®» tfeis is shown by dotted lines on the cross section phite. 

^^ tills is the correct interpretation, then the metamorphic 

Bedimentarj beds may be not more than about 800 feet in thickness. 

^^^T tbe norite dyke, the quartzites become also slightly 

crumpled b v pressure applied in their longitudinal direction. 

A peculiarity occurs in the quartzite of the ridge east of the 
iJon Accord, G.M.L. 734 ; the planes of bedding are here almost 
perpendicular, and it has in addition joint planes dipping 25 degrees 
north. 

Tlirou|<hout this series of beds, it has been already mentioned, 
quarts reefs and veins are frequent ; these are of later origin than 
the silicificartion of the banded quartzites and are generally 
moder&l^ly auriferous and rich in places. There can be here no 
manner o£ doubt as to the sedimentary origin of these beds and 
their contemporaneity with the amphibolite ; sometimes the banded 
quartzite a,iid ironstone occurs in thin bands in the amphibolite, in 
which c&ae -the latter is usually actinolitic. [6836, 6013, 8021]. 

The metamorphic sandstones were possibly mistaken for tuffs 
and ph^Uites by Mr. GKiczel, and the conglomerates are probably 
those to inrliich Dr. Chewings alludes in his paper previously quoted. 



Figure 10 shows a sample of this conglomerate from the 
fielmont, G.M.L. 789 [JS938] ; similar samples can be obtained from 
the west side of the Star, G.M.L. 885, about 30 chains north- 
easterly from the Belmont and also from numerous other places 
within the limits of this formation. The Laboratory description of 
specimen [6129], from Bon Ac(;ord, is— 

" cru8h(»d conglomerate. Large fractured masses of chalcedony and quartz 
full of inclusions of limonite and other iron ores. Ilmenite partly altered to 
leucoxene, base largely CDmposed of flakes of hiotite with granular quartz 
and limonite." 

Specimen [6017] is described as a — 
" crushed sandstone. Quartz in large and small angular and irregular grains 
as well as in areas of crushed fragments, set in a fine g'rained base of quartz 
and felspathic material. Limtnite frequently in (globular masses frequently 
surrounding small black cores of magnetite (?)« a ji^rey and almost opaque 
mineral like Leucoxene. Muscovite in scaly aggregate. 

Specimen [6130]— 
"Qnartzite. Quartz, very finely granular quartz (chalcedony) in large, 
irregular fragments due possibly to fracturing, the fnustures or interspaces 
filled with more coarsely granular quartz. Iron ore pyrites in crystalline 
grains of all sizes frequent. A black iron ore, ditto. Limonite common. 

This proof of the origin of the banded quartzites and the con- 
temi)oraneity of sedimentary and volcanic products agrees with 
what the author has recorded in his field notes on the Kalgoorlie 
Goldfield, where the strike and underlay of both the banded quartz 
and slates coincide with that of the cleavage of the surrounding 
rock, usually 325 degrees, and an underlay of 75 degrees to the 
west, and that the argillaceous slates blended with the schists of 
the crystalline rocks. The cross section of the Boulder Belt, 
published in 1903, indicates the principle. The results of this 
Norseman survey are of great assistance in elucidating clearly 
many matters which were obscure at Kalgoorlie. 

In the Norseman district, no argillaceous slates appear, but 
the quartzites are 1,500 feet in width in several places. The con- 
dition of these metamorphic sandstones and conglomerates evidently 
much resemble the metamorphic conglomerates of the Vermont 
formation at the Hoosac Mountain in Massachusetts, which have 
been found to pass gradually through stages of metamorphic con- 
glomerates and quartzites, and gneiss-conglomerates into gneiss and 
granitoid gneiss (see Monograph, vol. 23, of the United States 
Geological Survey, p. 48), and from their similarity would seem to 
afford an indication of the origin of the extensive gneiss rocks of 
this State. 

A two days' holiday visit was made to Dundas, 14 miles south 
of Norseman, where there is a considerable extent of granite, but it 
is probably also a later intrusion in the basic rocks. The 
Laboratory description of specimen [5602], from Noganyer Soak, is as 
follows : — 

" Structure, coarsely granular. Quartz in large grains, with a few 
dusty inclusions and many extremely fine long crystals of ButUe (?). Ortho' 
daze : Mostly untwihned and somewhat cloudy. Microline : Coarse grains 
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Bimieroiis with cross hatched stracture under crossed riools. Biotite : 
Xumerons large irregular fragments, very strongly pleochroic, green or 
brown to black. Iron ore a little associated with the biotite." 

The banded quart zites and iron stones skirt the edge of the 
lake the whole distance to Dundas. I was informed that there 
are also some southward of that place as far as a bluff at the lake 
edge about four or five miles south. 

Quartz reefs and lodes appear at inteiTals throughout this 
distance, and groups of leases have been taken up along them, but 
nearly all have been abandoned for many years. Work was pro- 
ceeding in a desultory sort of way at Mawson's Reward by dollying 
the best available stone. The reef has well-defined walls and a fair 
body of stone, and if a battery was available, it should do well. 
Since my visit operations at the Break o' Day have been renewed. 
The mine appears a good one. Whenever battery facilities are 
afforded this district, or a mineral tramway is made through it 
from the State battery at Norseman, it should be a profitable 
mining district. 

Although Buldania, situated about 1 7 miles north-easterly from 
Princess Royal, was not within my instructions, a day's inspection 
of that part was made. The country rock appears to be amphibolite 
and diorite ; some of the latter is porphyritic with quartzite and 
ferruginous formations, having quartz veins forming sulphide lodes 
and in parts intersected by quartz porphyry dykes. The rock is 
harder than at Norseman, and there is not more than about three 
feet of decomposed ground. • 

Gold was dis<!Overed here in June, 1896, and a strip of land 
about 1^ miles long was taken up in leases between that time and 
1900 — ^about 15 altogether — but they are all now extinct. A great 
man J shafts were sunk to varying depths down to 100 feet. A few 
small crushings yielded very high returns, but the expenses proved 
too much for the limited capital of the leaseholders, mostly pros- 
pectors. Five distinct lodes are said to have been opened up ; they 
are parallel and strike about 280 degrees. Mr. Catlin gives detailed 
descriptions of nine of the principal mines. One rock specimen 
from the Mia Mia G.M.L. 676 is peculiar, being a porphyritic 
diorite. The Laboratory description is [6027] is : — 

*' FeUpar mnch clonded, in large crystals, no twinning, also a dear 
finely graniilar felspar between the larger crystals. HomblevSu, well-formed 
CMymtBli of all sizes numerous, pleochroism strong, pale yeUow to deep 
green or brown. Iron ore», a few irregular grains." 

Sconomic Geology. 

The recent superficial deposits in the Norseman district have 

yielded only a limited amount of alluvial gold, the total reported 

fiom 1899 to 1904 inclusive being l,662-37ozs. The alluvial 

rorkings are of small extent, and are mostly confined to some of 

he gullies trending eastward through the banded quartzites and 

ronstoDes. The gold is found at the base of gravel ranging from a 

ew inches to 8 feet in depth. Narracoorte and Salvado's gullies 
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have probablj yielded the most gold ; in both cases there was a con- 
siderable amount of laterite and ironstone gravel in close proximity 
to the gold patches ; these had probably a precipitating effect on any 
gold in solution after it« being dissolved out from the decomposing 
rocks and veins. The bottom is mostly banded ironstone and 
metamorphosed sandstone. Where the bottom is composed of con- 
cretionary material such as laterite and travertine (cement) it 
requires proving, in case false bottoms occur. The author was able 
to see only a few samples of the gold from here ; it was of a shotty 
character, but it ranges from fine to nuggets of 3 to 4 dwts. 

In February, 1901, the deep lead at Princess Uoyal was dis- 
covered by Messrs. Steadman, Sheppard and Cooper, these alluvial 
workings were mostly in the main street, and it was worked out in 
about six months. The depth was 88 feet in kaolin. Above the 
" wash" there is a white pug showing the usual slickensides aud crush 
faces [6475], aud above this in places there are ironstone gravel 
pat'ches, technically termed " headings." The wash itself is mul- 
locky, with concretions of a magnesian nature, with quartz par- 
ticles, etc. [6476]. The gold was chiefly in the bottom of six inches 
of this and is probably partly secondary. This wash is said to have 
been 30 to 40 feet wide, and to have increased in thickness on the 
we.st side to about six feet, forming a kind of bank ; most of the 
auriferous portion was on the side of this bank. Below this there 
is a gritty brown material, evidently decomposed homblendic 
rock [6477, 6478]. The cap of a quartz vein three or four inches 
thick showed in some of the workings and oxidised amphibolite 
rock. 

At the Lady Mary gully a deep lead was found at a depth of 
90 feet in kaolin, adjacent to the existing watercourse, where it 
leaves the hills. There is a surface fall here of about 145 feet to 
the lake level. At 40 feet depth ironstone patches were met with, 
aud at the bottom, which comprised kaolin and oxidised amphi- 
bolite, large boulders of quartz were found cemented in the pug 
and also black sand. The best gold was obtained where the large 
quartz occurred, and yielded about 12dwts. per ton. The last shaft 
where gold was reported was about 250 yards east of the first one. 
On the dumps of these shafts are to be seen large lumps of a 
secondary form of silica, pisolitic, ranging from earthy ox)ncretions 
to solid quartz [6127, 6128]. The sharp edges and absence of water- 
worn edges in some of the gold found here leads one to believe that 
some of this gold must be of a secondary origin. 

The great area of ground over which the quartz reefs extend 
has enabled a large number of leases to be worked by parties of 
miners ; they yield moderate returns with ocoasional rich patches. 
The main lines of reef an* approximately north and south, with an 
underlay to the east of about 45 degrees, those bearing east and 
west underlay south about 60 ti) 70 degrees; this is in the amphi- 
bolite area. In the Cumlierland and adjacent mines the reefs are 
often accompanied by *' formation or gangue," caused probably 
partly by chemical action and partly by crushing or attrition of the 
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sides of the fissure in which the reef has formed, subsequently, as it 
is sometimes brecciated. The intersections with felsite and quartz 
porphyry dykes is fayourable to the deposition of gold in the reefs, 
as at the Princess Royal and Valkyrie G.Ms., probably due both to 
the arresting of the ore solutions and to interruptions of magnetic 
currents along both reefs and dykes. The chutes are sometimes of 
great length : the combined centre and southern chutes of the 
Princess Royal G.M. are 1,000 feet ; the Mildura Norseman, 900 
feet ; Viking, 600 feet ; and the Lady Mary, 1,200 feet. 

The larger reefs have a considerable amount of either galena 
or pyromorphite, which contains silver. Galena, owing to its rapid 
oxidation at the surface, is seldom seen in outcrops, though it is 
stated Uy occur very near the surface at the Ajax at the" end slope 
of the Norseman Hill, where there is very little decomposed rock, 
sulphide ore being obtained here at a shallow depth. Scheelite, an 
ore of tungsten [5960], occurs in the quartz at the Record, and 
ap{iears as a dull brown sand in dollying or milliug; it clings to the 
gold in panning off, as it is heavy. It is worth from :£20 to -660 a 
ton if in sufficient quantities. It has Ijeen reported previously from 
the district, and if in sufficient quantity might be worth extracting 
from the battery sands. Bismuth is occasionally met with. 

The quartz reefs which traverse the banded quartzites and 
ironstones sometimes coincide with their bedding planes, as at the 
Lord Hopetoun ; they vary greatly in their character according to 
the nature of the rocks in which they occur, they frequently become 
dark and ferruginous and lode-like [6023] when they are in the 
banded ironstones ; when in the quartzites they have frequently a 
chalcedonie character [5033] ; this is a result of the segregation and 
infiltration of the iron and silica from those rocks. Iron appears 
to act as a precipitant to any gold in solution, which probably 
explains the erratic way that gold patches occur near ironstone 
which have yielded in places some extraordinary rich results, and 
the gold particles are in places clustered along the ironstone seams 
in preference to the quartz in the banded quartzite and ironstone 
lodes [6573]. 

A good many patches of a dolomitic limestone occur to the 
north and east of Norseman ; on one of these is the mineral lease 
N<». 1, where there has been erected a kiln (Fig. 11), which supplies 
an impure lime, which suffices for local requirements. The great 
cost of freight of such material, when brought from Fremantle, is 
quite prohibitive ; the following is an example from the Princess 
Royal Mine: — 

8 casks at 138. 6d. f.o.r., Fremantle 

Railage to Cool^rdie 

Cartage from Cool^ardie to Norseman at £9 per ton 
Forwarding charges 
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Description of the Mines. 

The mines and reefs described in the following pages are taken 
in two groups, the amphibolite or basic and the banded formations 
or acidic, both begin with the north- westernmost. 

The first is the group of reefs comprising the Desirable Pro- 
prietary and the Three ColonieB G.Ms, situated about one mile 
westerly from the Princess Royal township. 

The Desirable Beeik 

The two main Desirable reefs have a curved outcrop, trending 
north -easterly, and about 1,000 feet in length ; they sweep round 
towards the north-west and overlap at the centre ; the general dip 
is to the eastward. The southern end of the outcrop enters what 
was originally the Little Pearl Lease, at a point about 140 feet 
south from the northern angle of the lease ; the northern limit of 
the outcrop is in the old Missfire, G.M.L. 89. 

The southern three-fourths of these lines of reef were held by 
the Desirable Proprietary G-.M., which had seven leases with a total 
area of *7Q acres. Both reefs had an inclined main shaft, which were 
about 100 feet apart at the surface but with divergent directions 
easterly, these are in the Desibable No. 1, G.M.L. 84. The north- 
ernmost shaft is 230 feet on the underlay, equivalent to a vertical 
depth of 80 feet, the inclination being 30 degrees for the first 100 feet 
and then decreases to about 15 degrees below this. At the 90- foot 
level there is a drive 210 feet north with stoping to the surface, and 
70 feet south ; the width of reef ranges from 6 inches to 3 feet with 
an average of about 18 inches. The reef pinches out at both ends. 
The workings were not accessible below 160 feet, but Mr. Catlin's 
account states that at 160 feet a drive is 90 feet to the north, 
130 feet to the south, whilst at 200 feet a drive goes 80 feet 
to the south and at this depth the reef gives out. The southern, 
or No. 2 shaft, is on a reef that overlaps the above described 
workings and the shaft has a more southerly direction, caused 
by the splaying of the two reefs. This shaft has an inclination 
of 35 degrees for the first 100 feet, and then 15 degrees below 
this, following the reef throughout. At the 70-foot level drives have 

Fig. 12. 




GROSS SeonON at 126 level OESIRABLE Q.M. 

been put in 50 feet north and 230 feet south. At the 100-foot level a 
drive has been carried 210 feet south. The average width of the reef 
is about 2 feet At the 125-foot level, which is equivalent to the 
160-foot level of the other shaft (No. 1) drives have been put in 
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10<J feet north and 400 feet south respectively. At about 300 feet 
from the shaft at this level, the reef becomes horizontal and a winze 
gwss north for 120 feet along this flat reef» which then takes a 
Ridden sigmoidal turn vertically. The diagram which forms Fig. 12 
iodicat<^ this sudden change in underlie. 

The main drive here has turned due west, and further on the 
reef grraduallv rolls over till it has a northerly underlay. These 
iwfs have yielded up to 2oz8. per ton in places, and at 400 feet in this 
125-foot level the lessee stated that its value is about 15dwts. per ton. 

In the shaft (No. 2) it was found that the water stood at 
iboat 160 feet, so that I have to refer to Mr. Catlin's description 
again for information. At the 180-foot level there are north and 
»ath drives of 170 feet and 100 feet respectively; this depth is 
about the same as that attained by the north shaft. A vertical 
ikft connects the bottom of the shaft with the surface. Nearly 
the whole of the workings are in thft oxidised zone of epidiorite 
rock. Alternate bands of oxidised rock and kaolinized rock occur 
parallel with the reefs throughout the mine. The quartz has a good 
^pearance ; it is in places vuggy, but all the interstices are filled 
vitb Halloysite, or Mineral Fat, a hydrous silicate of alumina in a 
jteic state [5ftl8]. An analysis of this is to be found in Table II. 
The presence of this mineral is detrimental to the ready extraction 
of the gold during amalgamation. 

The northern end of this line of reefs was in G.M.L. 89, the 
MusiiKB, held by the Three Colonies Gold Mining Company, which 
pat down both a vertical and an underlay shaft on it ; according to 
laspector Angove's report, the former, which cut the reefs at 25 
f«t and 52 feet, attained a total depth of 55 feet, the reefs being 
imr feet and three feet thick respectively, the latter reef being 
Bade np of quartz and ironstone. He also states that a second 
daft, 5*5 feet in depth, passed through two good quartz reefs four 
f«et and three feet in width, at depths of 25 and 52 feet respec- 
tively, and that a drive 80 feet was put in on the reef at 25 feet. 
A third vertical shaft of 56 feet in depth evidently passed through 
nothing but country rock, as there is no record of any reef being 
*mck in that interval. An underlay shaft had also been carried 
^wn to a depth of 38 feet on a quartz reef, which varied in thick- 
aess from 18 inches to four feet. The crushings from this reef 
»ere merged into those from Q-.M.L. 88. 

The other leases held by the Desirable Proprietary Company 
tve not had much work done in them, excepting Desirable South, 
^■M.L. 168, where two shafts have been sunk on parallel reefs ; but 
these reefs, however, are not the same as the Desirable main reefs, 
i^nless separated by a fault. 

In Desirable No. 2, G.M.L. 85 two shafts have been carried 
<iown to a vertical depth of 120 feet on a reef about 18 inches thick; 
Ae? were all inaccessible at the time of my visit. The Company is 
•tated to have spent £30,215 on the mine. The two leases pre- 
^nsly mentioned were forfeited in 1901, and subsequently becanae 
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Q.C's. 87 to 90, held bv Mr. Hopper for about three months durinj^ 
the same year; subsequent ly, the ground became in part Little 
Pearl, G.M.L. 842, of six acres, which was surrendered in February 
of 1902 ; it became also, towards the close of 1901, in part Desirable, 
O.M.L. 848, of six acres. Upon this lease another vertical shaft was 
sunk to 50 feet, near the east boundary, cutting a quartz reef of 
nine inches on the top of a roll of the hard, undecom posed, coarsely, 
crystalline epidiorite. This lease and G.M.L. 870 were purchased 
by the Princess Royal North Gold Mining Company in 1904, and is 
still in force. 

A portion of 842 became the Desirable Extended, G.M.L. 
870, in 1902, and comprised three acres, and is still in force. 

The ground on the east side of these was taken up as the 
Subsidy, G.M.L. 891 of 18 acres, and having been forfeited in 1904, 
subsequently became th^ Desirable Block, G.M.L. 915, which is 
still in force. 

The following table shows the yield of the Desirable Beefs, in 
so far as such can be gathered from the official statistics : — 

Table Showing the Yield of the Denrable Beefs. 



Year. 



Name and No. 
of I 



On. 

dollied. 



Tons 
onuhed. 



PreTious 




tolMl7 


lee. 196.228,229 


1807 ... 


Do. 


1SQ6 


Do 


1899 ... 


Do. 


1900 ... 


Do 


1901 


Q.C. 87-90 

Little Pearl 842 


1901 ... 


1901 ... 


Primro«>845 


190S 


Do 


1908 ... 


B«acue 875 


190B ... 


Desirable 848 


1908 ... 


Do 


1904 ... 


Do 


1908 ... 


Q.C. 148 



795-00 

2,92100 
85700 
32-00 



6-00 



6-00 



116-00 
11-00 
400 
22X« 

1300 
5000 
87-00 
277-00 
12-50 



fiosreo 



Tons 
cjanided. 



800 



roo 



Oss. Oxs. from 
there- , onub- 
from. I ings. 



Bemarka. 



... ' 1,306-00 

... ' 2.154*57 

163-56 

... I 29413 

Extras 6-96 



108 



1-01 



91-57 
5-60 
2-45 
6-85 

'"&•» 
2375 
48-40 
68 38 
8-57 



4.17516 
1-08 
6-00 



State Battery. 
State Batterj. 
= 52-11 P. 



4,182*19 or '804 or.«. iter 
ton. 



The Three Colonies Reef. 
The Thbee Colonies Reef has a somewhat semi-circular out- 
crop of about 500 feet in length, and underlaying irregularly to the 
north ; it outcrops on G.M.L. 88, Tubes Colonies, and is situatetl 
about 300 feet north from its southern lx)undary. It has been 
exploited by four shafts the positions of which are shown upon the 
Geological Map. An underlay shaft intersected the main reef at 
about 30 feet from the surface which depth marks the water level in 
the mine, from this point the reef was followed down to a depth of 
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8-5 feet to the north-east. The reef attained, it is said, tbe thickness 

of about three feet and carried a little gold. A main vertical shaft, 

situated a little over a chain north from the last and about 100 feet 

^Jo the nearest point on the outcrop, failed to reach the reef as the 

WeDingtoo force pump used is stated to have been unable to cope 

with the water. At 70 feet there is a crosscut west to connect 

with tie underlaj shaft previously alluded to, aud at 37 feet a 

qoartz reef was met with ; altogether three reefs were cut, said to 

& one foot, two feet, and 18 inches in thickness respectively ; about 

130 i^t of driving was done on the middle reef to the north, and 

about 160 feet to the south. The dump shows massive diorite with 

sdmefiktv bands which probably are near the reef [5444, 5445]. Near 

the north end of the lease there is a flat reef where there is an open 

^t South of the main reef there is a small vertical reef about 

oine inches ivide with an ironstone and quartz breccia on the west 

swie of it. Two shafts on the south boundary of this lease show a 

toanely crystalline epidiorite. 

In G.M.Lj. 147, Thbke Colonies Extended, Inspiector Angove 
i^l^orted that a shaft 68 feet deep had been sunk passing through a 
quartz reef two feet thick at 23 feet, and another of equal thickness 
At 52 feet, and that at 60 feet a great influx of water was met with. 
There was a battery of 10 stamps on Lease 88, and also a Langley 
Ml, the former was sold and removed, but portions of the latter 
remin. The Company deposed that they expended ^3,000 on the 
pwperty; Tjease 88 l>ecame void in 1902. The Missfire became 
m in 1901, and was subsequently the Pbimrose, G.M.L. 845. 
The Resccte, G.M.L. 875 was also at this time applied for, adjoining 
<he Desirable Extended. The Three Colonies became subsequently 
in part Q.C. 112 held by Mr. Hopper up to May. 1903, and also Q.C. 
140 held by Messrs. Woods and party up to the month of April, 1904. 

The following table gives the yield of the Three Colonies Reef, 
4s deduced from official figures : — 
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Table 8?iounng the Yield of 


the Three Colonies Reef. 


y^ Name and No. of 
Lease. 


^'^^ crSh^d. 


Tom 
cyanided. 


0Z8. 

there- 
from. 


Oxs. from 
crush- 
ing*. 


Bemarka. 


5 ThieeColomMSS 
*• Do. 
»* = Three Colonies 88, 
,^ 1 8B,U7,M.A. 10 

S ' ^- 

W" Q.C.*112 

S 1 ^' 

*9 ! Vnretd. Q.C. 


■wae'p'gB 
6-00 


240*00 
3200 
S2-00 

16-00 


5-50 
1500 


•d5 
5-21 


169-85 
13-00 
32-75 

22-27 




43-50 

34-50 
10-00 


70-61 

27-25 
3-10 


State Battery. 

State Battery. 
State Battery. 


\ 


rw 


40T00 


90*60 


616 


338-83 
6-16 
6-60 






asrn 


or '86ioB8. per 
ton. 
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The €k)lden Bottle Beef. 

The Golden Bottle, G.M.L. 112 of 12 acres on the north 
side of the last, is mostly on the lake bed and has a reef of several 
feet thickness trending south-east and north-west. An opencut has 
. been made at the edge of the lake on a large reef which appears to 
be vertical and barren. The old workings are scattered about the 
lease and out on the lake bed, and are not well defined owing to the 
lapse of time and drifting sand. Inspector Angove's report 
indicates that seven shafts have been sunk vertically upon the lease, 
but none of these are shown on the map ; No. 1 was carried down 
84 feet ; No. 2 was 22 feet with a drive to the south-east of 60 feet; 
No. 3 was 41 feet and met with a heavy influx of water ; No. 4 had 
been carried down 22 feet with a drive to the eastward of 24 feet, 
in which heavy water is stated to have been struck ; No. 5 shaft 48 
feet with an eastern drive of 40 feet ; No. 6, 24 feet in depth with a 
western drive of 6 feet, the shaft struck water at the bottom. 
There are no returns however from this reef. 

The Criterion North Beef. 

Nearly half a mile south-easterly of the last was the Criterion 
North, G-.M.L. 216, of 12 acres, on a reef trending^a little south of 
east and underlaying 75 degrees south, on which two shafts have 
been sunk and a prospecting shaft on ia.n east and west reef, and a 
second prospecting shaft on another reef ^uth of it, three or four 
chains ; the size of the reefs was not ascertainable. 

The Desirable North Beef. 
On the north side of this lease was the Desirable North, 
G.M.L, 335, of 24 acres, a small north and south reef, the thickness 
of which could not be ascertained, underlays 60 degrees to east. 
Three shafts have been put down on it ; another outcrop of a north 
and south reef of considerable size occurs in a gully about a quarter 
of a mile north. It has a dark coloured quartz, but appears to be 
barren. 

• The Moonta Norsemaii Beef. 

The MooNTA Norseman, G.M.L. 449 occupies a ridge of 
epidiorite rock half way towards the f^nceds Boyal. There is a 
shaft about 100 feet on a short quartz reef trending north-east and 
south-west, the thickness could not be escertained [6440]. 

The €k)lden West Beef. 
Nearly one mile east from here is the Golden West, G.M.L, 
650 on kaolinised ground. At the north comer a shaft was sunk 
near the track, where there were some broken up portions of a 
quartz reef carrying SOdwts. values, but the hirge amount of water 
and the treacherous kaolin has prevented much prospecting bein^ 
done. This ground may be worth more attention. The most 
suitable procedure would be by boring to locate the position of the 
reef that is probably hereabouts. This position is on the line of 
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quartz djkes, and there may be a continuation of the line of reef 
^m the Princess Bojal in this direction. East of this was the 
loKA, G.MJi. 644 of 12 acres, which subsequently became 
loNA, G.M.L. 818, and was voided in December, 1900. This lease 
may have had a portion of the same reef that was met with in the 
Golden West. 

Table showing the Yield of the Oolden West Beef. 



Y^ ' Name and 
'•'• 1 No. of Lease. 

1 


Tons 
crnshed. 


028. 

therefrom. 


Remarks. 


1898 ... 
1898... 


Golden West 660 
I<ma644 


50-00 
44-50 


62-27 
9-50 


State Battery 

or *664oz9. per ton. 




M50 


6177 



The Marj Eileen Reef. 

About one and a quarter miles north-easterly from here, at the 
edge of Lake Cowan, was the Mary Eileen, G.M.L. 929, where a 
soiall reef was found, the application of which was withdrawn 
before survey. 





Table showing the Yield o 


f the Eileen 


Reef 


T«r. 


Name and Tons 
No. of Leaee. crushed. 


OZB. 

therefrom. 


Remarks. 


1904 ... 


Mary Eileen 929 


16-50 


811 


= 704F 
or *491 0Z8. per ton. 



The Princess Boyal Soyereign Reef. 

Ahout a quarter of a mile south of the lona was the Princess 
Royal Sovbrrion, G.M.L. 893 of 24 acres. Two shafts have 
been sunk here in kaolin to a depth of 60 feet in search of a con- 
tinuation of the Princess Royal deep lead. A few chains south- 
^st of these shafts there is a quartz reef outcrop trending south- 
^terlj with an underlay of about 75 degrees to the south-west, 
on which a shaft has been sunk. This shaft is in the Bibnza, 
G.M.L. 834, of 15 acres, one of the Princess Royal North Gr.M. Co.'s 
Woeks. 

The Princefls Boyal Beef. 

The Pbincess Royal Rebf, which the statistics show to have 
^n one of the principal gold-producing reefs of Dundas, can be 
followed more or less uninterruptedly for a distance of at least 
1500 feet, though there seems to be good ground for believing it to 
extend much farther than this. The reef has been followed to a 
depth of 500 feet vertically below the level of the main shaft in the 
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Princess Koyal lease, and to a depth of 950 feet in the new vertical 
shaft put down on the Princess Royal Central lease. 

The reef has a general north and south strike with an average 
underlay to the east of 45 degrees ; throughout its course it presents 
the usual variations in thickness which are characteristic of veins 
of the fissure type. 

Parallel to what is called the main reef in the Princess Koyal 
mine is the East reef, which outcrops at a distance of about 200 feet 
from it. This reef is not traceable to any great extent ou the 
surface, nor does it appear to attain any thickness ; it has been 
proved by mining operations and boring in this lease to a depth of 
380 feet vertically below the surface. 

On what is evidently the north end of this line of reefs is 
situated the Pbincebs Royal North G.M., which has leases 634, 
653, 687, 744, 745, and 634, containing 58 acres 2 roods and 22 
perches ; to this has to be added the Desirable leases 848, 870, and 
915, or 26 acres more — total, 84 acres 2 roods and 24 perches. The 
shaft on the south boundary of G.M.L. 634 was sunk 70 feet on 
this reef, found here by costeening ; another prospecting shaft was 
sunk about 150 feet north-easterly of this to a depth of 120 feet; 
each of these has 200 feet of drives. The main shaft is vertical, aud 
has a depth of 390 feet [6673]. No. 1 level is at 250 feet ; a cross- 
cut was put in west, reaching the reef at 114 feet; it was oue foot 
thictk here and of poor value; water was struck here. The drive 
north is 126 feet [6576], and to south 152 feet. The jointing of the 
amphibolit« at this level is 55 degrees tx) the west, but the rock 
becomes foliated in the Langing-wall of the reef parallel to the 
latter, which underlays 20 degrees to east [5574] . No. 2 level is at 
380 feet ; the reef is here about 15 feet west of the shaft, and it has 
a felsite foot-wall; the drive north is 220 feet, and south 325 feet; a 
little stoping has l)een done on the former, and there is a winze 
where a quartz spur joins the reef and which here increases 
to two feet in width. The reef is very much split up into veins 
and is of poor value, except at the spur reef, where it was 2ozs. 
per ton. There is a battery here of 10 stamps. The total exi)endi- 
ture of the company up to March, 1904, is given as w621,285. 

The Pbincbbs Rotal G.M. since the end of 1898 has com- 
prised the amalgamated leases 106, 187, and 587, embracing a total 
area of 51 acres 3 roods and 12 perches ; and has been the principal 
gold-producing mine in the Dundas Goldfield (Fig. 13). Lease 
106 was taken up by F. G. Chester and party on 2nd May, 1895. 
The original workings were on an outcrop of the main quartz reef 
in the middle of the lease. The general underlay of the reef is 
about 45 degrees easterly, and general tren4 north and south. The 
chute of ore which comprises most of the quartz to over 300 feet 
depth bifurcates to south-east from the abi)ve-mentioned outcrop ; 
this is indicated on Plate I by the stoped portion. No. 7 shaft was 
used for some time as the working shaft until the main vertical 
shaft reached 515 feet, after which the two portions of the mine 
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were connected by the levels driven through the iutervoning ground. 
The Eastern Reef is of small extent ; its outcrop passes about 25 feet 
west of the main shaft, and has been worked down to the 200 feet 
le?el for a length of 120 feet. It is accompanied by a network of 
cross reefs. These workings are for the most part in a decomposed 
and kaolinised greenish felsit^ rock. There are several dykes of 
this felsite, all almost perpendicular, traversing the mine in a 
direction slightly east of north ; it is less siliceous than the quartz 
porphyries, which constitute most of the other dykes in the dis- 
trict, but both varieties are locally called quartzito. This felsite 
decomposes readily into kaolin, which prevents any outcrop being 
ieen. The dyke appears to have conduced to the deposition 
of the gold in the reefs where the latter traverse it. The 
north and central chutes have been stoped for a length of about 
100 feet, the former down to the 380 feet level and the latter 
to the 200 feet level, ,wher« it merges into the principal body 
of quartz termed the south chute. Stoping has been done down to 
the 380 feet level on this line ; in the middle portion of the chute 
iome of the richest quartz has been found where the reef ranges up 
to 20 feet in thickness. A curiously shaped spur or lens of ore 
ranging up to 10 feet thick and 130 feet in length occurs between 
the 220 and 880 feet levels ; its middle portion is flat and basin- 
shaped, and its foot is steep and dome-like. At the 380 feet level 
the quartz diminishes in quantity and quality, and the drive is 
heing pn>8ecuted southward towards a lens of ore found in the 
intermediate level above and beyond the main lens. The 500 feet 
level is clear of the felsite, and is much straighter than any previous 
one; it is on the lode channel the whole distance, which is not the 
case in some of the other levels in the barren ground ; the quartz 
18 met with in patches, excepting at the foot- wall fork of the reef, 
where it is strong; a dotted line on the plan shows the zigzag 
course of this fork at the different levels. A small amount of 
sulphide ore occurs below the 140 feet depth of the north chute, and 
helow the 220 feet in the south chute. Boring with the diamond 
drill was commenced in June, 1904, to endeavour to test the locality 
of the reef in the next 200 feet below the 380 feet. Two bores were 
also made horizontally east and west. The positions of these bores 
are shown in Plate 1. The particulars as to the various formations 
pierced are as follow : — 

No. 1 Bore from 380ft. level, at end (66ft.) of east crosscut ; 
angle of depression, 70°. 

43ft. to 45ft. —Quartz ; assays trace of gold. 
To 143ft. 6in.— Schistose amphibolite. 

143ft. 6in.-153ft. 4in. — Quartz reef 4ft. thick ; assay valim, 

10 grains; vertical depth about 516ft. 
153ffc. 4in.-153ft. 6in. — Hard hornblendic araphiholile. 
163ft. 6in.-165ft. 6in.-~Quartz; trace of gold. 
165ft. 6in.-265ft. 7in.— End in very hard araphii>oUbe, 

Total depth, 630ft, 
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No, 2 Bore from same locality ; yertical. 
To 70ft. — Schistose amphibolite. 

70ft.-7.'>f t. 6in.— Quartz reef 2ft. 6in. thick ; assay value, 

20 grains. 
75ft. 6in.->85ft.— End in schistose rock. Total depth* 

465ft. 

No. 3 Bore from east crosscut, north of main shaft, 380ft. 
level. Due east ; horizontal. 

To 51ft. — Light green felsite ; assay, l-2dwts. 
5 1 f t.-62f t. — Schistose amphibolite. 
62ft.-87ft.--Dark brown felsite. 
87ft.-90ft. — Hard amphibolite ; finegrained. 
90ft.-124ft.— Softer amphibolite. 
124ft.-201ft.— Amphibolite, 
201ft.-240ft. --Schistose amphibolite. 
240ft -241ft.— Quartz ; assay value, trace. 
241 f t.-320ft.— Soft felsite. 
320ft.-366ft.— Schistose amphibolite. 
366ft.-367ft.— Quartz. 
367ft.-391ft.— End in amphibolite. 

No. 4 Bore west from No. 7 shaft. 
To 48ft. — Amphibolite, with quartz veins highly mineralised. 
48ft.-52ft.— Quartz mixed with amphibolite; no values ; 

Jamaica reef (?) 
52ft.-l 12ft.— Amphibolite. 
112ft.-116ft.— Brownish rock; highly mineralised lode 

matter; value, 2dwts. 12gr8. 
116ft.-140ft. — Hard laminated amphibolite. 
140ft.-269ft.— Hard amphibolite. 
269ft.-270ft.— Quartz veins. 
270ft.-446ft.— End in hard amphibolite. 
Nos. 5, 6, 7, 8, and 9 bores are from the same locality^ 

east crosscut, 500ft. level. 

No. 5 Bore. — Angle of depression, 65°, bearing due east^ 
total depth, 631ft. 

To 95ft. —Schistose, with thin quartz veins. 
95ft.-96ft. — Quartz veins; assay value, trace. 
96ft.-l 20ft.— Schistose amphibolite. 
120ft.-136ft. -Quartz porphyry. 
136ft.-139ft.— Amphibolite. 
144ft.— Softer amphibolite. 
In progress. 
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^0. 6 Bore, — Angle of depression, 46°, bearing 155° ; length, 
143ft.; total depth, 601ft. 

96ft.-99ft.— Quartz ; assaying trace. 
143ft.— End in amphibolite. 
No. 7 Bare. — Ancle of depression, 41°, bearing 34° ; length, 
175ft. 

123ft.— Quartz, and still in quartz at 142ft. Assay values 
of core: First 13ft., ab<3ut Sdwts. : next 3ft., 
loz. Idwt. ; next 3ft., lOoz. The drill would at this 
point be 90ft. north of crosscut and at a vertical 
depth of 613ft. from surface. 

No. 8 Bore. — Angle of depression, 50°, bearing 69° ; length, 
31^.; total depth, 705ft. 

No. 9 Bore, — Angle of depression, 39° ; length, 315ft. ; total 
depth, 700ft. 

No. 10 Bore. — Horizontal from end of drive to south, 380ft. 
leTel; length, 226ft. ; went off line of lode. 

The country rock is fine and coarse-grained amphibolite ; some of 
the former, in bore No. 3 [6038], was pyritous and very hard. It is 
maasive with jointing to the west 75 degrees, but for about 10 feet 
adjacent to the reef it is frequently foliated in a direction parallel 
with the reef, as may be seen in the open -cut adjacent to No. 7 shaft 
and at the 380 feet level. This foliation does not occur, excepting 
to a very small extent, along the contact surfaces near the dyke, but 
is present where the quartz reef has been formed between the 
unphibolite and the dyke [5466, 5467, 5469]. The battery has 30 
ttamps, and there are 10 cyaniding vats, viz., five settling and five 
Whing vats of 100 tons capacity each, and three agitating vats of 
20 tons, and also two filter presses. The workings of this mine 
are shown on Plate 1 accompanying this report. 

The Pbincbss Botal Central G.M. adjoins the eastern side 
<rf the Princess Royal mine and comprises leases 840, 874, 879, 894 
—being a total 86 acres. 

As this Company held the ground of the same reef as the 
Princes Boyal main reef at a depth on its underlay, there were two 
courses open to them to adopt ; either to wait till the workings of 
their neighbours had shown where and how the reef was, or to 
exploit it. . They chose the latter, and have gone about the proving 
of their ground in a very energetic and able manner. 

The site of the main shaft, which is vertical, is 315 feet east of 
the 500 feet level of the Princess Royal, which has been driven 
«iice this shaft was begun on the 17th February, 1904. Rock 
drills were employed after 11th June, 1904, and a depth of 841 
^«t was reached on 17th February, 1905, a year's work, establishing 
a record for rapidity of sinking in the district. After the first 35 
feet of decomposed rock, the hard amphibolite was met with and 
continued to 340 feet, when a slight change occurred and a forma- 
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tion at 415 feet. At 573 feet a pjritous yein was cut nine inches 
thick, which assayed traces of gold [dll7J. Water was met with 
here which caused sores to appear upoa the miners employed in 
sinking below this, in all probability due to the presence of sul- 
phuric acid derived from the decomposition of the pyrites. Another 
formation occurred at 760 feet with quartz veins assaying, the 
manager informed me, 15 to 22 grains of gold. On 1st March, 
1905, at 870 feet sonje veins of quartz [6118] were met with under- 
laying 55 degrees to the east and a short distance below this a 
felsitic dyke three to four feet thick, with a westerly inclination. 
The country rock here is similar to that on the hanging- wall of the 
500 feet level of the Princess Royal, and continues down to a seven 
feet quartz reef at 934 feet which, however, did not here show any 
gold. The shaft was continued to 950 feet, and drives were being 
started north and south. The north drive shows a reef five feet 
wide, three feet of which is poor giude and the rest high grade 
stone. In the south drive the reef is much broken up. The country 
rock throughout is finely and coarsely crystalline amphibolite. 

Princess Botal South G.M. Co. have four leases, 647, 678, 
6P8, and 841, embracing in all an area of 41 acres, that adjoin the 
south boundary of the Prin'cess Royal G.M., and are evidently on 
the same line of reefs. The old shaft near the west side of G.M.L. 
647 was not accessible at the time of my visit. According to Mr. 
Catlin*s account, it wa^ sunk 76 feet vertically, when some small 
quartz veins were met with, which underlaid to the east, and they 
were tried by short crosscuts and a drive, but were all fjund to be 
barreu. The shaft was .continued to 152 feet on the underlay. At 
122 feet a 12 inch quartz vein was met with containing a little gold, 
it however narrowed to a leader and was cut by a felsite dyke from 
the foot- wall. At 130 feet mineral specimen [738] was obtained ; it 
is very much the same kind of material that forms the dykes of the 
Princess Royal. This felsite continued for 20 feet, when some 
rubbly quartz was met with four to five feet thick, with a solid 
centre, which yielded a little gold. No further work was done here, 
but the main shaft was sunk vertically to the eastward to interaect 
this reef, which was met with at 210 feet. The total depth attained 
by the shaft was 250 feet, at which de) th a crosscut was put in 
westerly 204 feet, and another easterly, which reached the reef at 
50 feet where it proved to be very flat (about 10 degrees to east) ; 
the reef continued in the crosscut to 74 feet, when drives were put 
in north 68 feet and south 81 feet respectively. The quartz is 
somewhat opaque or stony with a green tint, possiblj due to an 
intermixture of felsite with it [5474], and no values were found. The 
general underlay of the reef is about 45 degrees ; work was in pro- 
gress here at the time of my visit. The adjacent rock is a coarse- 
grained amphibolite slightly foliated near the reef [5472, 5473]. At 
the bottom of the shaft there is a small quartz vein nearly vertical, 
striking 30 degrees iwest of north. A close, fine-grained diorite 
[5471] appears here in the form of a laccolite or horizontal sheet ; it 
was evidently intruded into the coarser grained amphibolite r6472]. 
The dyke rises slightly to the west and at 50 feet in the crosscut. 
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and forms the whole of the rock in the crosacut to about 150 feet, 
-where a few stringers of quartz occur ; work was stopped here on 
iccount of the ezcesslFe hardness of the rock. A small shaft at the 
8:>uth-we8t comer of this area is sunk on a similar kind of quartz 
as is to be seen on the dump of the other old shaft. There have 
been apparently no crushings by this mine. The expenditure of this 
company up to June, 1904, was -£10,075. 

The following: figures jj^iv©* in a tabular fvorm, the yield of the 
Princess Royal Beef, in so far as such may be deduced from official 
data : — 



Table ahotoing the Yield 


of the Princess Royal Beef. 


1 


Tons 
emahed. 


Cyanidiiig. 


Oold 
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crushintr. 
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Gold. 
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1 
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ta^andeSS 
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20 
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... 
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2,074 


1,406 837-35 
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4,151-68 
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4,989-08 
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6,136 


3,192 


1,404-87 


9,091-30 


10,496-17 


» 


11,804-50 
13,071 


3,792 
18,648 


2,409-28 
7,72214 


9,827-64 
10,741-95 


11,736-92 
18,464-09 


'* 
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14,835 


4,397-25 


13,020-85 


17,41810 
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13,888 
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i 
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100,642*88 
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The Hidden Treasure Reef. 

This fairly well-defined reef lies about 1,300 feet north of the 
Urge norite dyke which traverses the field in an east and west 
direetion. The reef outcrops on the southern slope of a conspicuous 
rise to the south-west of the Princess Royal townsite. So far as 
aiaj be seen on the surface, the reef can be followed for a distance 
of about 500 feet. Here the Hiddbn Tbbabube, G.M.L. 211, of 18 
jcres, was situated, it was abandoned on the 5th April, 1897, and 
«««aine subsequently, in part, Pbince of the West, G.M.L. 648, of 
12 a^res. The reef has an east and west course underlying south ; 
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the main shaft is stated to be 150 feet, with a 40-feet drive, another 
shaft 25 feet deep, with 80 feet drives and winze 15 feet, and 
another shaft 47 feet deep ; some stoping has been done adjacent to 
the main shaft. The reef is of small size, but has a good appear- 
ance. The country rock is fine-grained amphibolite. The lease was 
void in October, 1898, and in 1900 became in part Q.C. 59, held by 
Mr. Denis Duggan ; this was forfeited during 1903, and eventually 
became Q.C. 124, held by Messrs. Stockton and Diaek since 
May. 1903. 

The table gives the yield of the Hidden Treasure Beef: — 
Table showing the Yield of the Hidden Treasure Beef. 



■v^„ Name and No. 


Dollied. 


Tons 
crushed. 


Tons 
cyanided. 


Oss. 
there- 
from. 


Ozs. from: 
crush. Bemarks. 
ings. 1 


1897... 

19B7 ... 

1898 .. 
1899... 
1900... 
1903... 


Hidden Treasure, 

211 
Prince of the 

West, 648 
Do. 

*^i^ ;:; 

Q.C., 124 




82-00 

83-00 

63-50 
15*00 
4-00 
20-50 


is-oo 


'3-66 


68-30 
2506 

57-49 
930 
215 

15-98 


Berilaqua 

Bevilaqua 

Do. 
State Battery 






818*00 


151W 


806 


173-28 
S-66 






176*94 


or *811oz8. per 

ton 



About a quarter of a mile south of this is the norite ridge, 
which averages three-quarters of a mile wide, in which there are no 
reefs. 

The Federation Beefs. 

This small group of reefs, within the boundaries of the 12-acre 
lease, seem to have returned a fair quantity of gold. The main or 
north and south reef, upon which most of the work has been done, 
has only a very short outcrop, and a' dip to the east at an average 
angle of about 20 degrees. The position is about three-quarters of 
a mile south of the norite and half-a-mile east of the Coolgardie 
road. The first lease here was the Tommy Atkins, 746, of 12 acres, 
on the top of the low hill. There are here several small " reefs in 
various directions besides the north and south reef. All have very 
uncertain courses. The old main shaft is 63 feet on the underlay, 
with 40 to 50 feet drives, with a winze down another 56 feet. The 
reef is 12 to 15 inches thick. The lease was forfeited in April, 
1900, and subsequently became the Fbdebation, G.M.L. 802, of 12 
acres. A vertical shaft was sunk 50 feet to cut the reef deeper, but 
failed to meet with it, and a drive was being put in towards it at the 
time of my visit. On the northern cross reef there is a shaft 30 
feet vertical and 25 feet on the underlay. There are also several 
prospecting shafts on cross reefs adjacent to the lease. 
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The following table gives the yield of the Federation Reefs, 
ibe average return from which seems to have been high : — 

Table ihcmnftg the Yield of the Federation Beefs. 



l€tf. 


Name and Ko. of 

IMM. 


Dollied. 


Tona 
crashed. 


Tons 
cyanided. 


Oza. 

there- 
from. 


0x8. from 

cmsh- 

ing. 


Bemarks. 


1S»... 
ISOO 

mi. 

m .. 

iste. 
m 


Tommy A^ino, 746 
Federation, 802... 

I>o. 

Do. 

Do. 

Uo. 

Do. 

Do. 

Do. 




28-00 
57-50 
93-00 

57-00 

34-50 


1800 

25-50 

41-50 
14-00 


'4-66 
15-63 

-u 


7-25 
137-62 
122-45 

128-91 

6978 


SUte Battery 
State Battery 
Bute Battery 




970*00 


00-00 


4107 


46605 
4107 






fioria 


or rSTSozs. per 
ton 



The Venture Beef. 
The Ventubb Rebf, so &r as maj be inferred from an inspection 
of the surface, has a very sinuous and interrupted outcrop of about 
l,2iJ0 feet length, with a yery varying underlay to the south. This 
rein, which has a varying thickness from 12 to 18 inches, has been 
followed to a depth of about 40 feet vertically below the surface, 
ud has proved a good gold producer. It is situated about 80 
chains easterly from the Federation ; the ground was taken up first 
^IheTHTTLE, G.M.L. 193, of 18 acres, which included two reefs. 
The southern one has a north-westerly course and underlay to east ; 
two shafts have been sunk upon it. The northern one runs east 
ud south-east sinuously, with a varying underlay up to 55 degrees. 
There is no record of any crushing from this lease, which became 
Toid in December of 1897. The Avelinb, Q.C. 128, held by Thomas 
uid party, was subsequently here on the east and west reef, as well as 
the Venture, G.M.L. 887 of six acres, when an underlay shaft was put 
down 40 feet, and driving and stoping done, with very good results. 

The table, the data forming which have been obtained from 
official sources, gives the yield of this reef : — 

Table showing the Yield from the Venture Beef. 



Date. 


Name and No. 
of lease. 


Dollied. 


Tons 
crushed. 


Tons 
cyanided. 


Gas. 
there- 
from. 


Oxs. from 
crofh- 
ings. 


Bemarks. 


1»I 
BO.' 

mn.. 

I9M 


Venture 887 ... 

SS: • ::: 

Do. 
^ Do. 

Q a 128, Ayeline 
Do. 


8-44 


12-00 

Vo-oo 

318-50 

81-50 
26-50 


"s-oo 

58-00 

192-00 
43-00 
36-00 


*i^ 

'805 

36-95 
14-20 

8-78 


12-60 
66-50 

322-63 

ii6'57 
33-44 


State Battery 
Do. 

state Battery 
= 6 95 P. 
= 26609 F. 

State Battery 

Do. 
= 27-56 F. 

or 1*826028. per 

ton 




ru 


GQ6-S0 


887*00 


eras 


546*74 
60 23 
8-44 




82841 
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The Lucky Hit Beef. 

The Lucky Hit Reef is another short east and west reef 
underlying southward, which has l>een opened bv several shafts. 
The ground Was taken up at the south end of the Thule as the 
Lucky Hit, Gh.M.L. 108, of 12 acres. Tliis included two reefs, the 
Lucky Hit Reef and the northern extension of the Malonev Reef. 
The latter was met with at the old main shaft, at the south-west 
corner, 120 feet ; it struck the Malonej Reef at that depth, where it 
was three feet thick, according to Mr. Angove. Three other shafts 
are each 50 feet in depth, and while no information is available of 
the workings, the yield of the Lucky Hit Reef may include a return 
from Malonev Reef, it being impossible to separate the two, as 
both occur within the boundaries of the same lease, as the stone 
may not have been separately milled. The northern reef has had 
two shafts sunk on it, one of them 70 feet deep, together with 
drives and stoping. The lease became forfeited at the close of 
1897, and sul)sequently in part the Kyneton, G.M.L. 712, of 12 
acres. This latter was forfeited in 1899. The northern portion of 
these two last leases became subsequently in part the Kino 
William, G.M.L. 871, of 4 acres 8 roods and 34 peixihes, which 
became void in 1904, whilst the remainder was held as Peospbcting 
Area 54. The yield of the Lucky Hit Reef is given in the 
attached table : ~ 



Table shbwing the Yield of the Lucky Hit tteef. 



Year. 


Name and No. of 
lease. 


Dollied. 


Tom 


Tons 
cyanided. 


OSB. 

theie- 
from. 


Oeb. from 
CTuah- 
ings. 


Bemarks. 


mn... 


Lucky Hit 108 ... 




43-00 






13-50 


Bevilaqua 


1808... 


Do. 




6300 






26-40 




1896... 


Kyneton712 ... 




12-00 






5-40 




1899... 


Do. 




54-00 






18-25 




1900... 


Q. Claim 

KinHr William 871 




15-00 






5-00 


Beriluqna 
State Battery 


1908... 
1903.. 




3000 


'21-33 


5-57 


49-10 


1904... 


ProBpectinfp 
AreaM 


















43-00 






25-30 


-^ 17-86 F. 
















State Battery 


1904... 


Do. 






13-00 


1-91 










900*00 


84-88 


r48 


142-95 
















7-48 






150-48 


or 578 ozj». 
















per ton 



The Haloney Reefb. 

About ten chains south of the Lucky Hit lease 108, the prin- 
cipal Maloney reefs, three in number, outcrop strongly and trerwi 
about 23 degrees, with an underlay of about 40 degrees to the east. 
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there are also said to be several cross reefs. These reefs vary from 
one foot to six feet, and have yielded about |oz. per ton. 

The Malonet, Q-.M.L. 66, of 12 acres, adjoined the south end 
of 108. Mr. Angove's report of 1896 mentions that No. 1 and No. 
2 shafts on underlay were 60 feet and 35 feet on a reef four feet 
wide. No. 3 shaft on a parallel reef live feet to six feet wide was 
135 feet vertical and 15 feet oa the underlay. It is said that 
•' made ground " was met with in a drive at the 135 feet level, but 
it seems hardly probable, there may have been some disturbance 
there due to the quartz porphyry dyke which outcrops about two 
chaius from the shaft. The quartz has a good appearance and the 
country rock seems much decomposed, judging from the dump (see 
returns.) The ground was forfeited in September, 1897, and became 
subsequently the Three Kinodoms, G.M.L. 655, of 12 acres, which 
was withdrawn towards the close of 1899. The northern portion 
became the Two Williams, G.M.L. 881, of five acres, and existed 
as such from May, 1903, to February, 1904, when it and a portion 
of the Gladstone, G.M.L. 256, was takeiv up as P.A. 57. The 
southern portion of 655 then became the Never Despair, G.M.L. 
798, of five acres, and was forfeited in May, 1901. It was subse- 
quently applied for in June of that year as the Come Again, G.M.L. 
830. The Come Again existed until August, 1902, when it became 
void, and was applied for by W. Campbell in 1902 as Q.C. lOS. 
This latter being resumed in January of 1904; part was also held by 
W. J. Southwell from May, 1903, as Q.C. 125, but was surrendered 
in the month of September and subsequently held by Haines and 
Trotter as Q.C. 127, from which there were no returns. This Q.C. 
127 was surrendered in October, 1903. Part of the Come Again 
was, in June, 1903, applied for by Richards and Stephen as Q.C. 132, 
and abandoned in January, 1904, but was again applied for by Tooth 
and Ghee as Q.C. 142, and subsequently held by Richards and party 
as an Unbeoistered Q.C. Part of the Come Again was also 
occupied in 1903 by Greer and Party as an Unregistered Q.C. 1 
was . informed by Mr. Greer that he had two other crushiugs, 
besides the one given below, of 10 tons, each yielding about 
10 and 3ozs. respectively, i'Ut I have not been able to trace 
them. 

At the south end of the Maloney was the Ladt Ellen, G.M.L. 
^, of 12 acres, where several shafts were pul down to a depth of 50 
and 60 feet, to find the southern continuation of the Maloney 
reefs ; but these may follow perhaps the direction of the sweep of 
the Quartz porphyry dyke. In regard to the Gladstone, G.M.L. 256, 
of 6 acres, on the east of the Maloney, Mr. Angove mentions two 
■hafts, both vertical, 80 feet and 40 feet, void 1 7th December, 1897, 
subsequently part of P.A. 57. In these and Gladstone North 
G.M.L. 462, Gladstone Extended, G.M.L. 292, and Malonet 
South, G.M.L. 383, on the eastern side of the Maloney line of reefs, 
there is apparently nothing of interest to record beyond the quartz 
porphyry dyke, which sweeps round from the Never Despair to the 
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King William, and another in the Gladstone Extended. The returns 
from the Malonej Beefs have been shown in the table below : — 







Table showing the yield of MaJoney Beefs. 




Year. 


Name and No. 
of lease. 


DoUied. 


Tons 
cru8hed« 


Tone 
cyanided. 


Oz8. 
there- 
fronu 


cnuhmg. 


BfimarkB. 


1806 ... 1 Moloney 56 




50*00 






58-00 




1887... Do. 




122-00 




... 


50-15 


Berilaqua 


1807 ... Three KingdomB 

I 665 
1806... 1 Do. 




62-75 






11-15 






30-50 






1316 




1809... Do. 




10-00 






2-55 


State Battery 


1900... 


Never Deepalr 796 




112 00 






29-65 




1901 ... 


Do. 




16-00 






35-05 


State Battery 


1901 ... 


Come Affain 830 




20-00 


is-oo 


305 


28-45 




1902... 


^ 


.C. 108 




24-00 


53-00 


15-01 


37-06 




1908... 


( 


•C. 125 




90-50 






31-35 




1908... 


( 


.C. 132 




55-50 


8-00 


7-20 


29-86 


State Battexr 


1908... 


( 


.C. 142 




22-00 






9-80 


Do. 


1903... 


< 


LC. 172 




28-00 






16-24 


Do. 


1908... 


Unregirtered Q.C. 




54-50 






25-38 


Do. 


1903... 


Two WilliamB 881 




16-00 






5-20 


Do. 


1903... 




33-00 






16-35 




1904... 


P.A. 57 




1750 






6-80 


= 5-60 P. 






7M16 74*00 


36*20 


405-68 














25-26 










1 




4S0^ or lies OEB. per 








1 




ton 



The Lady Clara Beef. 

About three-quarters of a mile south of the" Malonej was the 
Lady Claba, G.M.L. 66, on the north and south line of quartz 
porphyry on the east side of the hill where the new Government 
battery is. The dyke is accompanied by a few quartz veins, and 
at the northern end it is schistose, apparently from pressure. The 
lease became void in July, 1895, and was subsequently LadyClaba 
Q-.M.L. 144, 12 acres. There is one shaft 30 feet deep on the dyke 
at the crossing of Bevilaqua's abandoned tramway line. This lease 
was forfeited 3rd August, 1896. 

At the south end was the Rising Sun No. 1, G.M.L. 304, of 
6 acres, void 19th August, 1896. These became in part Castle- 
MAiNE, G.M.L. 578, of 24 acres, but became void in October, 1898. 

The Thames Beef. 
At the north-east foot of the same hill, and crossing the old 
Buldania track, there is a quartz reef underlaying west, on which 
Thames, G.M.L. 411, Thames No. 2, G.M.L. 430, and Euclid, 
G.M.L. 429 are situated, each 12 acres. The reef is near a quartz 
porphyry dyke. G.M.L. 430 has two shafts which, according to 
Mr. Angove's report of 1896, are 85 feet on a two-feet reef, and 
(vertical shaft) 52 feet, with a cross-cut west at bottom. Tlie 
Euclid, G.M.L. 429, has a shaft 65 feet deep on westerly underlay, 
and one 10 feet, according to Mr. Angove. There are no crusbin^s 
recorded from this group. 
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The Kararoa Reef. 

The next line of reef to the eastward is the Mararoa Beef, 
which extends in a north and south direction along the northern 
{Portion of the foot of the west front of the Norseman Hill for a 
distance of three-quarters of a mile ; it underlays about 45 degrees 
to the east ; the ayerage thickness is probably four feet, as it ranges 
up to eight feet in places, and has yielded oyer one ounce to the ton. 

On the northern prolongation of the line of this reef is the 
Cosmopolitan, G.M.L. 321, of 18 acres, with one 25 feet vertical 
shaft and one 35 feet on the underlay. To the south of the last 
waathe All Nations Extbndbd, G.M.L. 97, of 12 acres. On the 
vest aide of this was the British Nobsebcan, G.M.L. 442, of 18 
acres, in which Mr. Angoye states a shaft was sunk on a cross reef, 
vertically 15 feet and on the underlay 40 feet southerly ; also the 
West Axl Nations, G.M.L. 613, of six acres. South *of No. 97 
was the All Nations, G.M.L. 39, of about 12 acres. Leases 321, 
97, 613, and 39 all belonged to the All Nations G.M. Co., by whom 
it was, in May, 1898, surrendered on -consideration of the purchase 
by the Government of their machinery on lease 97, for the first 
State battery. Prom Mr. Angoye's account, the main shaft seems 
to have been 154 feet yertical in part, at least. There are two 
shafts on the underlay of 40 degrees to east, 90 feet and 46 feet ; 
on the west side were McCabtht*s, G.M.L. 175, and Homeward 
BoinrD, G.M.L. 286, both of 12 acres, in which there are only some 
small east and west reefs. There is a shaft in each lease, Mr. 
Angove giyes 30 feet as depth of the shaft in McCarthy's and 12 feet 
in the Homeward Bound ; both leases were yoid in December, 1897. 
At the south end of the All Nations is the Bethnal Green, 
G.M.L. 67, of 12 acres, in which there is a strong body of quartz. 
Tbe old main shaft is 35 feet yertical and 35 feet on underlay, 
tbere are two other shafts 40 feet each and another 65 feet. The 
Bethnall Green lease became void in October, 1898. It has recently 
been applied for afresh as Bethnal Green, G.Mi. 939. 

The steep spur of the hill at the south end is hard, fine grained 
amphibohte rock. At the south end of Bethnal Green were the 
Mararoa Extended N., G.M.L. 298, and Excelsior, G.M.L. 68, 
tbese were amalgamated leases, owned by the Excelsior G.M. 
Syndicate ; the reef is four feet wide, and the dumps show it to be 
accompanied by a schistose amphibolite. There are three shafts on 
Q.M.L. 68, but particulars regarding these are not ayailable ; 20 
tons only seem to haye been crushed, however, and the leases were 
forfeited about the middle of 1897, as was also No. 1 N. Norseman, 
G.M.L. 273, adjoining, on the top of the spur. 

The Maraboa, G.M.L. 60, was taken up by Goodall and Firth 
ia December, 1894, it passed into the hands of E. Grimes, who sunk 
^TBe shafts 150, 110, and 80 feet deep respectively; and in May, 
^W, it was estimated that there were 800 tons of stone raised, but 
^ lease was forfeited in 1898 without any record of crushing 
l^nms being available, the lease became in part Mararoa, G.M.L. 
^H, of 24 acres, and yielded 3,135 ounces of gold. The lease was sur- 
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rendered in 1902 and became Maraboa, G.M.L. 852, and has been 
worked continuously since. The holders, Messrs. Pascoe, Crabb, & 
Co. also have G.M.Ls. 759 and 912, all of 12 acres each, and own 
Bevilaqua*s battery ; the latter had been known from 1899 to 1902 
as the Norseman Crushing and Cyanide Works. There are three 
underlay shafts, the south shaft 145 feet on underlay of about 45 
degrees was at first the main shaft, the middle shaft of 100 feet and 
40 degrees. The reef is here of two parts, close together at surface 
and four feet apart below. The first workings were on the western 
portion. The eastern reef has since proved the best, and is six feet 
to 10 feet wide, portions showing gold. A remarkable folding of 
the reef occurs here (or it may he a junction with a lai^e cross 
reef) ; these two shafts are connect-ed by a drive on the reef at 150 
feet level, the whole of th« reef is being crushed at their battery. 

The Victoria Norseman, G.M.L. 90, on the eastern side, became 
void in June, 1896, and was subsequently in part Victoria Nobsb- 
MAN, G.M.L. 500, which was forfeited in January, 1897, and is now 
in part Mararoa East GtM.L. 912. There appear to be no 
crushmgs as yet from this ground. 

The Mararoa South, G.M.L. 126, of 12 acres, is on the 
southerly continuation of the same reef, and has several underlay 
shafts. Mr. Angove states that the main shaft is sunk 110 feet on 
underlay. From the 70-feet level a drive goes south 70 feet, and 
north 80 feet, also a crosscut from same depth 35 feet ^west and 35 
feet east. The quartz appears to be very white and of poor value, 
and there are no records of any crushings. The lease became void 
in December, 1897, and became subsequently the Mararoa Ex- 
tended, G.M.L. 759, voided August, 1896 ; subsequently in part 
Esperanza G.M.L. 941, not surveyed ; still in force. South of this 
again was the Marora Junction, G.M.L. 288, of eight acres three 
roods 22 perches, in which a shaft of 50 feet was sunk ; the lease 
became void on 17th December, 1897. 





Table 'showing the Yield. 


of the Mararoa Beef, 


Year. 


^TmS^^"*" \^<>^^^ 


Tons 
crushed. 


Tone 
cyanided. 


Oss. 

thero- 
from. 


Oss. from 

cn|sh- 

ings. 


Renuurks. 


1896... 


£zoeUior68 


20*12 , 




1100 


BeTilaqua 


1897... 


All Nations 39 
and 97 


200-00 




•;• 


67-60 




1900 .. 


Unreg. Q.C 


72-00 


64-00 


6-08 


17-60 


State Battery 


1901 ... 


Do. 


2600 


19-00 


8-44 


15-29 


Do. 


1902 ... 


Do. 


^•00 






18-20 


Do. 


1903.. 


Do. 


92-00 


73-.W 


11-51 


W-48 


Do. 


1904... 


Do. 




3800 i 




11-91 


- 7-71 P. Do. 


1904... 


Q.C. 168. Bethnal 




17-50 i 




405 


= 3-33 P. Do. 




Green 














1898... 


Mararoa 704 ~... 


... 


279-50 






179-75 




1899... 


Do. 




1,024'00 






738-90. 




1900... 


Do. 




820 00 


86-00 


6-97 


489-90 




1901 ... 


Do. ... 




... ^ 


sands ... 


1216-07 












slimes... 


5600 






1902.. 


Do. 






1,908-00 


500-10 






1903... 


Do. 852 ... 




480-00 


1,820-00 


423-95 


181-97 




1904... 


Do. 




1,580-00 






764-45 


=444-59 P. Do. 


1904... 


Do. 






1,900-00 


807-85 




= 401-86 Do. 






4,681-12 


&,730'a0 


8,(01-97 


2,4U-10 
3,081-97 


=846-43 P. Do. 




! 














(»,44S*(tt 


>r l'188oz«, per 

ton 
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Besides the tailings at the Mararoa battery from stone from 
iheir own lease, the Syndicate had manj years' accumulated tailings 
from parcels of stone crushed for the public ; these were commenced 
to be treated in 1902. 

Table of result of Oyaniding of Sands cU the Mararoa Battery. 



Jm. 


Locality. 


Tons. 


Oes. 


Remarks. 


m ... 

1S03 ... 

19W ... 


Various parts of the field ... 
Do. do. 
Do. do. 

Total 


1,900 

2,210 

900 


I 500-00 

! 526-96 

18960 


1 ^ 133-98 F. and 
38-75 Silver. 




6,010 


l,216,-66 


1 



Lily and St. Patrick Beefs. 

About one-third of a mile east of the Venture and Maloney 
ree& are a group of leases on the flat, where there is a network of 
nefs. The northern-most of these leases is the Zimmbbman, G.M.L. 
412; this and the Yatala, G.M.L. 586 were upon a north and 
^Qth 8chistf>8e lode formation about six feet wide ; in the latter 
were seTeral underlay shafts, the western- most being at least 45 
feet deep. Inspector Angove's report ] 896 states that the lode was 
flx feet wide. On the east side was the Golden Dyke, G.M.L. 377, 
which Mr. Angove states in 1896 had four shafts, two being on a 
north and south reef, three feet wide, underlaying east, one shaft 
being 12 feet vertical and 48 feet on underlay, and two lesser shafts 
on an east and west reef. According to Mr. Angove none of these 
kases have had any returns. 

The Golden Allie, G.M.L. 376 (also known as the Lucindale) 
was to eastward of the last, and had an underlay shaft 35 feet on a 
lode 15 inches wide, and a 20 feet vertical shaft, according to 
Mr. Angove. 

To the south of the last, was the Miss Harriet, G.M.L. 332, 
which, having been forfeited in 1898, became subsequently in part 
the Livingstone, G.M.L. 694. 

To the south of these was the Lily, known also as the Golden 
Bia, G.M.L. 380, which had a north and south reef on its western 
boandary, underlaying east and about two feet six inches thick ; this 
was thought by miners to be a reappearance of .the All Nations 
reef. The lease was forfeited early in 1898; and subsequently 
became the Lily, G.M.L. 695. Two shafts were sunk upon the 
property ; the south one is about 70 feet, and the north about 80 
U^ vertical and 40 feet on the underlay, stoping was done from a 
^rive at the bottom where the reef thinned out greatly. The Lily 
became void in 1901, and was subsequently in part Q.C. 123, Two 
HaLs, held by J. Garrett for a period of six months ending 
October, 1903, and a small crushing obtained. Part of this 
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ground became a twelve-acre lease, the Ibis, G.M.L. 908, dettiils of 
wbicL may be found in the table appended, and is in force. Por- 
tions of the Miss Harriet, Livingstone and Lily 695 became the St. 
Patrick, G.M.L. 702 which was voided in 1900; and subsequently 
the St. Patrick, G.M.L. 849, at the end of the year 1901, since 
which date a well defined east and west reef has been worked, 
underlaying about 23 degrees to south. There are two principal 
shafts, one about 240 feet on the underlay, and another vertical 
135 feet, which cuts the reef at 120 feet. The width of the reef 
varies from three inches to four feet. Water occurs at 135 feet; 
slickensided surfaces are prevalent in different parts of the reef ; 
there is a clay hanging wall and an ironstone vein on the footwall. 
The ,gold makes where the ironstone touches the quartz. The 
quartz is mostly of cloudy blue tints with a banded appearance 
[5909]. Mineral fat is plentiful. A good deal of stoping has been 
don«? up to 200 feet east of underlay shaft ; the best stone only 
is taken out instead of being worked systematically. 



Table showing the Yield of the Inly Reef, 



Year. 



1806... 
1897... 
1888... 
1899... 
1900... 
1901... 
1908... 
1904... 



Name and No. of 
lease. 



0Z8. 

Dollied. 



Golden AUie 376... 
Lily 695 ! 

Do. 

Do. 

Do. ... I 

Do. 
Q.C 123 I 

Do. ... ' 



Tons 
craahed. 



Tons 
cyunided. 



6-25 
26*00 
27800 
118-00 
5900 
87-00 
41-00 
20-50 



886*75 



1400 
'i6-3S 



Oss. 
there- 
from. 



Ozs. from 
crash' 
ings. 



8-28 
"2-10 



418 



Remarks. 



215 

8-00 i 

123-50 ; 

W-38 I 

55-50 

45-53 

3717 

6-70 



Bevilaqna. 



32016 
4*38 



SM'M or-510osB. per 
ton. 



Table showing the Yield of the St. Patrick Beef. 



Year. 


Name and No. of 
lease. 


Ozs. 
Dollied. 


Tons 
crushed. 


Tons 
cyanided. 


Ozs. 

there- 
from. 


Ozs. from 
cmsh- 
ings. 


Remarks. 


1898... 


, St. Patrick 702 ... 




135-90 








68-48 


State Battery 


1899... 


Do. 




55-00 








15*36 




1900... 


Do. 
















1901... 


Do. 849 




6500 




50-00 


9-66 


94-23 




1902... 


Do. 


124-61 


224-00 


{ 






467-93 












178-00 


47-00 




SUte Battery 


1903... 


Do. 


26-20 


129-60 


{ 






236-80 












84-25 


19-18 






1904... 


Do. 




98-00 








397-90 


346*22 F. Do. 


1904... 


Do. 


32-70 












28*67 F. Do. 


1904... 


Do, 








66-50 


94-41 




Do. 




18r51 


707 40 




878-75 


110*85 


1280-69 


















110*85 


















183-51 






1575*06 


or 2*2960X8. per 


















ton. 
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The Record Beef. 

The Bbcord Reef is at* the south end of a hill one mile 
toath-€a8terlj from Trig. Hill B 23. It is curved in between some 
qoartz porphjrj dykes in a north and south direction, and has an 
auterlj underlay of about 65 deg^rees. 

The Bkcobd, G.M.L. 498, was here, and had a shaft GO feet, 
tod Mr. Catlin states that a drive was put in at 50 feet, and some 
itoping done on the reef, which strikes north and south, varies in 
tbiehess op to 18 inches, and underlays at 65 degrees to east. 
There seems to be no record of any crushings ; the lease was for- 
feited 1897. The ground was reapplied for in December, 1898, as 
Bhoci 14 PsopsiETABT, G.M.L. 729, when the shaft was deepened 
to 100 feet, and drives put in at the bottom, and more stoping done 
OQ a portion of the reef bunched up against a quartz porphyry 
djke, Q.C. 22 was applied for here by W. R. Gee, in January, 
1899, but after holding it for about three months the ground was 
tliuidoned. The ground eventually was taken up again as the 
Rico]u>, G.M.L. 901. A new shaft was sunk about a chain east of 
the previous shaft, and a quartz leader two to six inches thick, 
showing gold freely, was met with, but this thinned out in a drive 
vhich followed the reef northward into the above-mentioned quartz 
porphyry. On panning off the dollied quartz, a brown coloured 
residoe remained with the quartz; this was determined in the 
I^partmental Laboratory to be scheelite [5960], a compound of 
tonggtic acid and lime, which is of some commercial value, if 
obUunable in sufficient quantity. The reef is said to be traceable 
at inlervala to 15 chains to the northward to the site of Q.C. 7, New 
FiTO, held by C. W. Perignon and H. Hawkins. A shaft was 
sank here to about 80 feet on the underlay. Another Q.C, Jokabeb, 
n said to have been held on the same reef. 

Southward of the Eecord is Quartz Area 19, where a shaft 
«%B sunk on a leader occurring in the westernmost quartz porphyry 
dtke. 





Table ahowing yield of the Record Beef. 




Tmr. 


ITune and No. of 
LeMe. 


Domed 
ou. 


Tons 
crushed. 


Tons 
cyanided. 


Ozs. 
there- 
from. 


OSR. 

from 
crush- 
ings. 


Remarks. 


MO... 

aw.. 

im... 

not... 


Block U Proprie- 

•^!» ... 

Do. 
Do. 
Unzegifltered Q.C. 
New Find 

i^eooidSOl 

1 


4-42 


17-00 
71-50 
"600 

"8-60 


13-50 . 
5-00 


3-60 
•86 


31-52 

78-76 

1-15 
7-«5 

*8-&5 


State Battery 
Berilaqnaand 

State Bat. 

tery 
State Battery 
- 7-04 F. 




44S 


inoo 


1860 


i'4A 


127-03 
4-46 
4-42 






l»-81or 


1181 oxs. per 
ton 



60 

Never Mind Beef. 

About a quarter of a mile north-easterly on the top of the ridge 
and about 250 feet from the large quartz porphyry dyke is appar- 
ently the site of the Nkvee Mind, G.M.L. 120. A shaft was put 
down and an open-cut made on a reef bearing 345 degrees with an 
underlay east of 40 degrees, but no particulars are available ; the 
application was withdrawn before survey. There do not appear ta 
have been any crushings recorded from this locality. 



The Northern Star Beef. 

Half a mile to the south-west of the Record is the northernmost 
end of the Northern Star reef which extends southerly in a sinuous 
line for a distance of 5,000 feet, it is on the line of prolongation of 
the Norseman reef, but there is a blank interval between of 5.0OO 
feet, the characters of the two adjacent ends of these reefs are 
i4entical. The underlay is from 43 degrees to ^0 degrees to east 
and has been proved to a vertical depth of 140 feet. 

The northernmost lease was the Last Chance, G.M.L. 344, on 
the line of the valley which crosses here. A shaft 40 feet deep i» 
mentioned by Mr. Angove in his report of 1896 ; the lease was for- 
feited in August, 1896. Next was the Jessie Maboaret, G.M.L- 
177, of 18 acres, in which there is a long line of reef outcropping,, 
with four shafts underlaying east; Mr. Angove mentions two shafts 
in 1896, 40 feet each ; the property was forfeited in July, 1896. 
Next is the Gipsy Gibl, G.M.L. 131, with outcrops of the same 
reef with two shafts with an average underlay of 60 degrees. The 
amphibolite to be seen in the dumps is foliated. There is also a 
cross reef on which there is a small shaft. 

Next is the Bohemian, G.M.L. 124, with three shafts ; the reef 
is three feet wide, and Mr. Angove states that in 1896 there was a 
vertical shaft of 70 feet, with 50 tons of stone at grass. There is a 
quartz porphyry outcrop on the east side of the reef ; this dyke 
appears to V»e along the same line along which the quartz reef w^a» 
subsequently formed ; both have probably contributed to the foliation 
of the adjacent amphibolite. Next is the Sudden Nobsbmxit,. 
G.M.L. 44, on which a good deal of work was done by the Sudden 
Norseman and Macedonian G.M. Co., this lease being amalgamated 
with the Macedonia, G.M.L. 139, which adjoins it on the east. 
The workings were inaccessible at the time of my visit. There a»re 
five shafts, two vertical 86 feet and 92 feet, connected by a drive at 
bottom, a third vertical shaft 6 feet by 3 feet to 125 feet, and t-wo 
underlay, which are mentioned by Mr. Angove, who reports that one 
of the latter is 80 feet deep, and on a cross reef four feet wide, l^he 
amphibolite in the shaft on the boundary between the two le^i^ses 
shows in places a modification towards siderite or spathic iron 
[6025], see return for 1897. Both these leases became voi<i in 
August, 1898. The G.M.L. 44 became tlie St. Patrick Ka.s'p 
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G.M.L., 895 of six acres, in 1908. Next southerly was the Morning 
Star, G^.M.L. 54 ; it has several shafts on the underlay of the main 
north and south reef from 210 to 150 feet in decomposed rock. 
This was forfeited in March, 1898 ; subsequently the Gift, Q.M.L. 
706, which existed as such until November of 1900, when it became 
subsequently the Northern Star, G.M.L. 821, which is still in 
force. Tlie reef has well-defined walls, at the south end of the lease 
it is three to five feet thick. From three inches to six inches of the 
footwall side has thin laminated quartz [5090], which carries visible 
guld ; there is very little pyriteous stone, which occasionally carries 
1 little carbonate of copper. The chute of pay ore dips iu an 
imegolar manner to the north, only the richer portions of the stone 
being raised, so that the stoping is mostly irregular. To the south of 
thiswaft the Scandinavian, G.M.L. 151. Mr. Angove states that 
ooe shaft was sunk 85 feet vertically and 40 feet on easterly under- 
^j, the reef in bottom being two feet six inches wide, and another 
sloft 80 feet on the underlay. Saving been forfeited in November 
1898, it eventually became in part the Glasgow, G.M.L. 727, from 
which some small crushings were obtained, which may be found in 
the table appended. The Glasgow was forfeited, in 1899, when it 
then became the Scandinavian, GJtf.L. 796, from which a small 
crushing was obtained. The reef appears to cut out here, and 
alchougb a number of leases were taken up on the probable line of 
reef no trace of it has been found between this and the Norseman 
^0. 1 North, about 30 chains to the south. 

The following table gives the returns from the Northern Star 
iie of reef : — 



Table shotoing the Yield of the Northern Star Beef. 

NOSTHBBN POBTION. 



T«r. 



Name and No. of 



I 



0x8. Tons 
dollied, crushed. 



Tone 
cyanided. 



OZB. 

there- 
from. 



OsB. from 
crash- 
ill^. 



Remarks. 



m 



m : 
m 



1 



I Bohemian. 124 ... 
Jenie Margaret, 
177 
I Sadden Norse- 
man. 44, 139 
8.C. 27. 44 
nTe*rd.Q.C..on44 
r>o. 
! Unref!rd.Q.C.,Bid- 

dler, on 44 
! Unregd. Q.C.. 
Hunter, on 44 
rnrogd. Q.C. Mor- 
gan, on 44 

Q.C.127 



17-50 
24-00 

240-00 

77-00 
2200 
90-00 
1800 

12-00 

lS-00 



29-50 



18-00 j 509 



5^00 



18*00 



6-09 



10-00 
4-00 

143-00 

8-60 

5-50 

33-55 

11-40 

4-70 

8-00 

'5-45 



23i-20 
5-09 



Berilaqna. 



State Battery 
Be^ilagua. 
State Battery 
State Battery 

State Battery 

State Battery 

State Battery 



239*29 or '429 OSS. per 
ton. 
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Table ihowing the Yield of the Northern Star Reef — continued. 

SOUTHBSN PO&TION. 



Tear. 


Name and No. of 
Lease. 


Oza. 
Dollied. 


Tons 
cmahed. 


Tons 
(^yanided. 


Osa. 
there- 
from. 


Oae. from 
cmah- 
iogs. 


Bemarks. 


1*7... 
1896... 


Morning Star, &i 
Gift, 706 




239-00 
196-00 






70-55 
81-68 


Bevilaqua. 


1199... 


bo. 




472-00 






348-45 




1900 .. 


Do. 




20-00 






8-56 




1900... 


Do. 


... 




118-00 


i9^ 




State Battery 


1901 ... 


Northern Star, 821 




149-00 


... 


... 


105-87 




1002 .. 


Do. 


196-65 


112-50 






160-98 




1902... 


Do. 






ara-oo 


51^ 




State Battezy 


1903... 


Do. 


8B'-80 


177-50 






M4-75 




1903... 


Do. 






89-25 


a^ 




State Hattery 


1904... 


Do. 


... 


ibo-so 






^-20 


= 264-92 F. 


1904 .. 


Do. 


143-27 










= 115-83 P. 


1904... 


Do. 






87-08 


37-00 




State Battery 


1898... 
1899... 


Glaiwow, 727 ... 




20-00 
84-05 






"8-50 
29-67 


BeTilaqua. 


18se... 


Soandinayian, 796 




14-00 






9-25 


State Battery 


1900... 


Do. 


'"' 


20-00 






2-36 


State Battery 




ISO-TS 


1^*66 


586*88 


188-tW 


^'S'S 
















132-26 
















42072 






8,088-80 


or 1*302 OX8. 














per ton. 



The NoTBeman Beef. 

The Norseman Beef outcrops along the west side of the Norse- 
man Hill for a distance of 7,000 feet underlying at an average 
angle of 45 degrees to the east, and has been proved to a vertical 
depth of 400 feet. The reef is of considerable thickness through- 
out, ranging up to eight feet in leases 19 and 21. The chutes of 
quartz are mostly hoi;izontal, and extend for 400 and 500 feet in tb.e 
workings at the southern end. The quartz is mostly very white 
where the reef is large, but it is well mineralised in the Viking 
workings where the best values have been hitherto obtained. The 
leases along this reef are taken in sections, for the sake of con- 
venience of reference to the tables of crushings. 

At the north end are the Norseman No. 1 North, G.M.Ii. 16, 
and the Norseman No. 1 North Block West, G.M.L. 482, both 
of 12 acres ; these were amalgamated, and both at a later date, Mrith 
the Mt. Barker Reward G.M. in November of the same year, and 
designated the New No. 1 North Norseman G.M. Co. The North 
end of the reef has been generally considered to be cut off abruptly, 
but 1 did not find this to be the case, the quartz in the lower levels 
tapering out into seams of ironstone and oxidized schist, the point 
of ending dipping to the north. The reef is mostly from one to three 
feet thick, but averaging about two feet. The main shaft is 310 feet 
on an underlay of about 35 degrees flattening out to 25 degreee a.t 
the bottom ; there are levels of 103, 200 and 300 feet. The aouth 



r 
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shaft is 180 feet deep. North of the shaft the reef is about three 
feet thick, this is the north chute [6014]. North of this it narrows 
tnd beeoEnes vuggy, the cavities being five or six inches wide and 
maDT feet long, partly empty, with siliceous sinter ramifying 
through them [5012], the reef then tapers out dipping north. South 
of the main shaft it is again two feet six inches thick, and a break 
of three to eight feet occurs caused by a fold in the reef, the stone 
then makes again forming a south chute. Their dip to the north 
h about 85 degrees. The pay ore is mostly confined to three feet or 
foar inches of the underlay side of the reef, as in the looming Star. 
The reef appears to have followed the course of an intrusive 
porphyry [5813] dyke one foot to two feet thick. It occurs in the 
hanging' waU of the reef south of the main shaft and in the foot- 
vail to the north of the shaft ; the dyke has been found to be an 
indicator of gold in the reef. The countrv rock is amphibolite, 
somewhat schistose near the reef [5015]. Tte mine is being worked 
oa a 5 per cent, tribute. A plan of the mine should be in existence 
hot I was not able to find its whereabouts. 

The following table gives the total gold yield of the portion of 
the Norseman reef : — 





TabU showing 


the yield of the Norseman 


Beef (part). 


fatt. 


f Name and No. of 
lease. 

i 


Om. 

dollied. 


TonB 
crashed. 


Ton* 
cyanided. 


Cm. 
there- 
from. 


Ose. from 
cmoh* 
ings. 


BemarkB, 


an .. 


(North) 16 
Nuneman No. 1. 
(North) 16, 482, 
685 

Do 

Do 

„ Do 

Noiwman No. 1 
(Nortii) 16 

Do 

Do 

Do 

Do 

Do 


7-55 
3-75 


60100 
1,182-00 

891-00 


248-50 
97-33 

90-25 


25-10 
16-26 

18-60 


509-05 
529-00 

475-95 






4B9-00 
258-50 

179-00 
9100 


438-39 
10417 

202-85 
118-74 


= 98-69 P. 
State Battery 
= 2-95 F. 




u-so 


MU'SO 


4S1'06 


e(ro6 


2,378-15 
60-05 
11-80 






8,440-60 


or *682 ozB. per 
ton. 



^ext is the Nobbbman, G.M.L. 15, where L. Sinclair discovered 

^« reef in July, 1894, and which was forfeited in August, 1899. 

IW kaee surrounds his Bbwabd Claim No. 3 on three sides. The 

> **<^propertie8 were worked jointly, together with the Norseman 

I ^ *^^* G.M.L. 149 on the west side. The workings were inaccessible 

tli« time of my visit. There are three principal shafts which Mr. 
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AngovA states lickd been sunk on a I'eef three feet thick. The main 
shaft is 280 feet on the underlay, with dnves at the 50-foot level, 
but very little stoping is said to have been done. There are several 
other minor underlay shafts on this reef. The quartz is mostly 
very white. The northern portion became the Nobbemax, G.M.L. 
758,. but was voided in August of 1901, and subsequently became Q.C. 
93 held by W. B. Pybus from August of 1901 and resumed in 
January, 1904. The southern portion of G.M.L. 15 became the 
GoLDBN Calf, G.M.L. 761, from September of 1899, and the Reward 
Claim became the No&sbhan Rbwahd, G.M.L. 740, from April of 
that year ; it was forfeited in November and became the Pbiscilla, 
G.M.L. 792, from December -until it subsequently became in part 
Q.C. 74 held by T. C. Ellis from October, 1900, to' its surrender in 
November, 1903. The yield of this portion of the Norseman Reef is 
given in detail in the table below : — 



Table showing Yield of the Norseman Beef (part). 



Year. 


Name and No. of 
lease 


Dollied. 


Tons 
ernshed. 


Tons 
cyanided. 


Oss. 

there- 
from. 


Cm. from 
crush- 
ing.. 


Remarks. 


18»7... 






238-00 






13070 




1898... 


Norseman G.M. 
Co.. N.L., 16,149 




128-00 






40iB 




18»9... 


Norseman 15,149 




80 00 






12-80 




1901... 


Q.C.fl3 




2400 


38-00 


'8'52 


12-60 


State Battery 


1901... 


3.C.95 


!.! 


9-00 






2-00 


Do. 


1900... 


Golden Calf 781.. 




92-00 






7415 




1900... 


Uiireflrd. Q.C. 
Fybus. 781 




12-00 






4-85 


Do. 


1901 ... 


Unregd. Q.C. 
PybiiB,761 






1700 


2-68 




Do. 


1901 ... 


Unregd. Q.C, C. 

Thomas 
Unregd. Q.C, 




44*00 


8-00 


-69 


17-87 


Do. 


1901 ... 




6-50 


... 




9-72 


Do. 




a^jg^^-cky. 














1900... 


Unregd. Q.C, 
Union, Knive 




10-00 






5-30 


Do. 


1901 ... 


Q.C 06 and 92 ... 
Norseman Re- 




183-00 


41-00 


6-16 


87-18 


Do. 


1896... 




UO-00 






27-56 


BeTilaquA 




ward, 740 














1899... 


Do. 




191-51 






118-77 


Btete Bafctery 


1899... 


PriMjilla 760 ... 




40-00 


... 




81-70 




1900... 


Do 792 ... 


... 


68-50 






35-46 




1900... 


Q.C. 7*, on 792 ... 




12-00 


"8-00 


"-97 


6-88 


Do. 


1901... 


Do. 




— 


— 


— 


.— 




1902... 


Do. 






22-50 


SKfi 




Do. 


1903... 


Do. 




14800 


... 




75-29 


Do. 




l,4S4-60 


182-60 


ao-04 


742-85 
20-04 






' 
























m-m 


or 'S818oz«. 
















per ton 



The next leaee on the same line of reef is the Nobbbman No. 1 
South, G.M.L. 17, which was held by the Royal Dane G.M. Co. It 
has a commanding situation on the top of the Norseman Hill. Quite 
a network of quartz porphyry dykes occurs at the north end of the 
lease, and the reef takes a sharp bend due evidently to this cause. 
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tiled jkes being prior origin to the quartz. There are three shafts 
of about 45 degrees on the underlay. The middle one is the main 
Mt, but tbe workings are inaccessible. Mr. Cat! in states that the 
depth is 320 feet, and that the reef was of large size all the way 
dovn, and is five feet at bottom of the shaft ; a little water, about 
400 gallons a daj, was making at that depth ; at 120 feet a drive was 
put in 34 feet north. The south shaft was put down 70 feet for 
prospecting purposes. The north shaft is 200 feet with drives at 
50 feet level, 103 feet south and 187 feet north. In the south drive 
thert?ef is eight feet or nine feet wide; at the bottom of the shaft 
the reef is eighteen inches. The quartz is very white and of low 
grade but more pyritous lower down, as is also the country rock, 
which is similar to that further north. 



This lease was amalgamated with the Nobsema^n No. 1 South 
Block Cjlaim, G.M.L. 57, but was voided in October, 1899, and was 
sabaequentlv the Celt, G.M.L. 776, which became forfeited in 
Julj, 1900.' 

The crushings from this portion of the reef, the details of which 
9R shown in the table below, show an average of about one half an 
oonce per ton. 



Table shmoing Yield of the Norseman Reef (pari). 



«^. Name and No. 
^*^- of lease. 


DoUied. 


Tone 
crashed. 


Tons 
cyanided. 


Oss. 
there- 
from. 


0z8. from 
crush- 
ings. 


BemarJIfs. 


»7... 
IM... 

an 


Noneman No. 1 
South 17, 57 

Do. 

Do. 

Do. 

Celt 776 

0.0.05 

OOTt. 

Q.C.96aQdl01 ... 

Do. 
Unregd. Q.C., 
Thomas 




78-00 
250-00 

3400 
81-00 
20*00 

45-eo 

21-50 
17-50 


is-oo 


9^29 
'2-91 


26-30 
45-95 

10-90 
17-91 
528 
13 50 
11-63 
27-75 


State Battery 
Do 
Do. 
Do. 
Do. 






486G0 


IS-M 


10020 


159 22 
100-20 


















250*43 


or -fiSOiozB.per 
ton 



\ 



Southward from the Celt, the Norseman reef is to be seen for 
^^^wly a mile in the Norseman G.M. Co.'s leases, whose 12 leases 
^«Ul 18f» acres 1 rood 7 perches ; these were mostly taken up in 
^^st, 1894, and were amalgamated with the United Scotchman 
pin July, 1897, which company held three leases— 22, 24, and 103 
W^. The reef is a fine body of stone, but has proved to be of low 
^^. The mine practically ceased operations in 1901, and it is at 
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present being worked by a few tributers, who appear to be satisfied 
with their proceeds, so that this should be a good indication for the 
future resuscitation of the mine. The quartz is mostly white and 
slightly blue in tint without much pyrites except at the bottom of 
the Viking lease workings. There is a considerable amount of silver 
present in the reef, apparently due to the presence of galena. 
Oalcite occurs frequently [5072], associated with the quartz [5974] ; 
mineral fat [5093] occurs near the main shaft, in addition to small 
quantities of asbolite. The country is araphibolite [5975], which, as 
is usual about here, is slightly schistose or foliated near the reef. 
The workings of this mine are shown on Plate II. 

The fallowing extract is from page 58 of Bulletin No. 6, by Mr. 
E. S. Simpson, regarding a sample of this mineral fat collected by 
the Government Geologist, some years ago : — 

"Mineral fat. — A day having when freshly extracted the consistency of 
tallow is found in vughs in the reef at the Norseman Gold Mines, Ltd., 
Norseman. It is faintly greenish in tinge when fresh and moist, but on 
exposure to the air changes in colour to brown and loses water rapidly, 
becoming first v^axy and then dry and granular in consistency. Its compo- 
sition was found to be : — 



Water H^O lost over sulphuric acid 
„ M lost on subsequent ignition 

Silica, SiO, 

Alumina, Al, O, 
Ferrous Oxide, FeO ... 
Manganous Oxide, MnO 

Lime, CaO 

Magnesia, MgO 

Potash, Ka.O 

Soda, Na.O 



Wet 

Mineral. 


Dry 
Mineral. 


49-17 


.. ... 


9-80 


19-08 


20-30 


39-53 


l»-03 


36-11 


•44 


-86 


Trace 


.. Trace 


•15 


•29 


•22 


•43 


•05 


•lO 


2-36 


4-60 


100-52 , 


.. lOO-OO 



• This would correspond to the formula Al.Oj ^SiO, -311,0+1511,0. 



" The formulae given by Dana to the only four minerals approaching this 
in composition, are : — 



Halloysite ... 

Newtonite ... 
Montmorillonite 
Eaolinite ... 



Al,03-2SiO,-2H,0+nH,0; or 

Al,0,-2SiO,-3H,0+nH,0 

Al,Oa2SiO,-4H,0-l-H,0 

Al,0,-4SiO,-H,0+nH,0 

Al,0,-2SiO,-2H,0 



" The Norseman mineral agrees exactly in formula with halloyaite, 
although in outward appearances it resembles more closely some forms of 
montmorillonite." 
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The Dorthem leases 19, 20, and 21 were worked by three adits 
to which underla? shafts connected. In the Sydnbt Norseman, 
G-M-Jj. 20, the upper adit is 550 feet along the line of reef, and 
passes through a quartz porphyry dyke; the reef ranges up to 
fi»e feet six inches thick. The quartz is blue whit«, and slightly 
femi|ipnou8 in places with occasional black incrustations, which has 
been determined in the Departmental Laboratory to be asbolite, a 
cobaltiferous manganese oxide [5071-5973]. The reef ranges up to 
five feet six inches thick ; a little stoping has been done between 
the adit and the surface, where the reef bifurcates. In the 
Cachuanca*, G.M.L. 19, the middle adit cross cuts to the reef 
130 feet, and a drive then follows the reef about 300 feet north and 
south, passing through several quartz porphyry dykes. The quartz 
is whiter here, and is from three to seven feet wide in the south 
<lriTe, and stoping has been carried to the surface. In the Hardy 
Norseman, G.M.L. 21, the lower adit is 500 feet long; it crosses 
seyeral quartz porphyry dykes. The reef is up to eight feet thick, 
a whip shaft and also winze goes down about 24 feet below the 
adit, and stoping has been done to the surface, quite a rich patch 
baring been found here by the tributers. A small fissure occurs 
here, dipping about 32 degrees to the north, with nodules of 
ma^esite in it; possibly some of the gold may have been of 
secondary origin [5070, 59741. The company's main shaft is on the 
MuDUBA NoBSEMAN, G.M.L. 18, and is 650 feet on an underlay of 
about 45 degrees, making a vertical depth of 390 feet. The bulk of 
the workings are in the oxidized zone, and above the 200 feet level. 
'^j extend 300 feet north, and 500 feet south to the Scotchman 
shaft, and most of this is stoped. The chute dips slightly to the 
south. The average width of the reef here is 3 feet 6 inches. The 
reef intersects several quartz porphyry dykes ; one in the drive 
M)Qth of the shaft is slatey [5009], and another north of the shaft is 

Eritous and of a greenish colour. Between the 200 and 400 feet 
els poor values only were obtained ; below this, however, they 
improved. The lower portion of the shaft was inaccessible to me 
OQ account of water, which is only soakage from the surface. Mr. 
Oatlin's report states that there is 3 feet thickness of quartz at the 
hottom. Between these and the next workings in the Viking 
Norseman a large dyke of quartz porphyry occurs, with offshoots 
on itR southern side. A split in the reef also occurs south of the 
<ljke, and the westerly arm has been worked for a short distance. 
"Hie Viking Noksbman, G.M.L. 26, was taken up by A. Forbes and 
party in September, 1894, and it passed into the hands of A. L. 
Simon, who sold it to the Norseman G.M., Ltd., in March, 1896, for 
4e aam of Jei0,000. The Viking shaft has a depth of 574 feet on 
^Dulerlay, or a vertical depth of 415 feet. The principal workings 
attend north 550 feet, and range down to 380 feet depth at the 
>haft, with stopes on the chute of ore. The oxidized zone abo takes 
a dip here, showing that this is the cause of the erosion of the gully 
^ve in the hillside. The reef ranges from a few inches to 5 feet, 
— ' ■■■■.■. t ■ ' '■ ■ ' . 

* A miflspeUing of Cachucha, the name of a Spanish dance. 
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and probably averages 2 feet ; it has frequent inclusions of country 
rock. The quartz is here of higher value than elsewhere in the 
mine, and shows gold in places, and is very pyritous in the lower 
levels. A. je for 5 subsidy was granted by the Government towards 
the deeper sinking of this shaft, the intention being to go down to 
700 feet, but only 124 feet was so sunk. 

In the Annual Report of the Geological Survey for the year 
1900, p. 26, the Government Geologist reported as follows : — 

*' A careful inspection of the Viking workings was made, and espeoiAl 
attention paid to the reef in its lower levels. At 440 feet the reef consisted 
of about three feet of quartz, carrying a small quantity of pyrites and 
galena. During my visit the shaft was de<)pened about four or five feet to 
enable me to see the character of the reef. The face showed about three 
feet of quartz, carrying sulphides of iron, zinc, and lead. An unsophis- 
ticated sample of the whole face, collected under my own supervision, 
yielded in the mine laboratory a free milling value of about 12dwts. of gold 
to the ton. A fire assay of the more highly mineralised portions of the 
same stone yielded, in the official laboratory in Perth, — 



Gold 
Silver 



loz. Odwts. 9gr8. per ton. 
loz. 2dwt8. Ogrs. per ton. 



" The relatively large proportion of galena in the sample may be held 
accountable for the high silver contents. Free gold shows in some of the 
stone from the face, and specimens are now in the possession of the 
Department." 

and again in the report for 1901, p. 20 : — 

"NoESEMAN Gold Mines, fiiMiTBD. — As alluded to in my report of 
last year, financial assistance was rendered to this company, to enable them 
to explore the deep levels by sinking the Viking shaft from 450 feet to 700 
feet. The following table gives the particulars of assays made in the 
Departmental Laboratory as the work proceeded : — 



Lab. 
No. 



Depth 
in feet. 



Assays. 



8020 
d021 



3023 
3024 

3025 



3269 
3270 
8271 
8272 



460 
470 
480 
490 
500 

510 
520 
530 
540 
550 
560 
574 



Gold, 20grs. per ton; silver, 2dwts. llgrs. per ton. 

Gold, trace ; silver, 2dwts. llgrs. per ton. 

Gold, trace ; silver, nil. 

Gold, trace ; silver, 2dwts. llgrs. per ton. 

Gold, loz. 16dwts. I8grs. per ton; silver, 3ozs. IQdwts. 5gr8. 

per ton. 
Gold, 2dwts. llgrs. per ton; silver, 15dwts, 12grs. per ton. 
Gold, 20grs. per ton ; silver, loz. 3dwts. 16gr8. per ton. 
Gold, 20gr8. per ton ; silver, 20grs. per ton. 
Gold, 20grs. per ton ; silver, trace. 

Gold, 3dwts. 6gr3. per ton ; silver, 4dwts. 22gr8. per ton. 
Gold, trace ; silver, nil. 
Gold, 20grs. per ton ; silver, 20grs. per ton. 
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The table appended gives details of the crashings of this 
portion of the Norseman Reef : — 

Table showitig the Yield of the Norseman Reef (part). 



T«>r. 


Name and No! of 
leaae. 


Dollied. 


Tons 
crashed. 


Tons 
cyanided. 


0S8. 

there, 
from. 


Oz8. from 
crush- 
ings. 


Bemarks. 


Ftmooi 


United Scotchman 


... 1 1,804 






1.602 




toifli? 


; O.M..22.24,238 


1 










m ... 


' Do. do. 


... ' 1,628 






1,532-70 




m 


Norseman O.M. Ck>., 

, 18, 19, », 21. 26, 48, 

M, 101. 103, 115, 116. 


... 1 2.m 

1 






2.854-68 






: 138.235,236.611 


1 








fm 


Norseman G.H. Co., 
1 12, 18. 20, 21,22, ». 


... ' 9,584 






10,148-28 i 




1 25,26.48,94,101.102, 










_ 




115, 116, 138, 235, 236, 


i 












' 6U 












m ... 


Norseman G.M. Co.. 
18, 19, 20, 2jj. 24. 28, 
48, 94, 101, 115, 116. 


... ' 24,655 

J 






10.755-08 






138.235.236.239,611 














Mf. .. 


1 Do. do. 
Do. do. 




24.331 


10,302 


2,3i9-57 


8,471-44 


] 10,821-01 


m --. 


Do. do. 
Do. do. 




11,424 


18,699 


3.631-29 


3,736-21 


] 7,366-50 


He ... 


Norseman O.H. Co.. 
18, 19, 20, 21, 22, 24, 
25.26,48,116,138,611 
Do. do. 




1,983 


19.152 


2,733-90 


1,897-41 


1 

V 4,631-31 


w ... 


Do. do. 
Do. do. 


::; 


lj355'5 


7.279 


1,220*48 


916-88 

... 


i 2,137-34 


Wi ^. 


Do. do. 


... 


155-5 






79-86 


I 2-OOSttTer 




Do. do. 






441 


128-38 


... 


„f 71-40 F. 
1 40 S) Silrer 




79,3090 


56,8780 


10,06302 


41,993-52 
















10,063-62 


or -6668028. 


68,06714 














per ton 



The Royal Standard Norseman Reef. 

To the west of the Viking was the RoTAii Standabd Nobsb- 
MAX. G-M.L. 100, of 12 acres, in which there is a reef north-east and 
•oath-west aiiout two feet six inches thick at outcrop, underlaying 
58 degrees southerly, on which a shaft has been sunk. This may 
be one of the branches into which the Norseman reef appears to 
»plit up. The property was forfeited in October, 1896, and 
subsequently became the Royal Standabd, G.M.L. 599, on which 
a shaft 40 feet was sunk. No returns have been obtained from this 
reef. 

The Ophir Reef. 

South of this was the Ophir Reef, a cross reef which has been 
»oed for about 1,800 feet to the south end of the Valkyrie. It 
aderlays south about 55 degrees, and has yielded good values. At 
"e western end was theOpHiB, G.M.L. 98, in which three underlay 
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shafts have been sunk in addition to a vertical shaft ; according to 
Mr. Angove, No 1 is 78 feet, with drive east 34 feet and west 46 
feet ; the lode is from 18 inches to 20 inches in the east drive and two 
feet six inches in the west. No. 2 shaft west is 70 feet on under- 
lay. No. 3 is 30 feet on underlay, the reef in l>ottom being two feet 
six inches wide; on the north boundary a shaft is down 20 feet 
on another reef. The Ophir was forfeited in March, 1898, it 
subsequently became the New Ophir, G.M.L. 707, but was 
abandoned in April of the succeeding year. From April, 1899, C^.C. 
38 was held by M. Kiwru, but was five months later the Ophir, 
G.M.L. 847, was subsequently taken up and held from October, 
1901. to to July, 1902. 

The reef then passed into the Old Saxon Nobbbman South, 
G.M.L. 30, which is traversed by a small north and south reef with 
four shafts, which may be a spur of the Norseman reef. Mr. 
Angove states that one shaft is 40 feet vertical and 90 feet on the 
underlay, and that the reef is one foot wide, the other shaft is 40 
feet, with a drive 240 feet, and two other shafts 25 feet and 35 feet. 

Next adjoining was the Palpabaia Nobsehak, G.M.L. 110, in 
which there is an underlay shaft 40 feet Both these two properties 
became in part the Sussbx, G.M.L. 627. Records show that the 
main shaft intersected the reef at 130 feet, and at 170 feet water 
was met with which stopped further sinking. The Sussex was 
voided in October, 1898. South of this was the Sovebeion, G.M.L. 
785, which after being voided in September, 1900, subsequently 
became the Sovebeion, G.M.L. 826, in which several underlay 
shafts were sunk on the Ophir reef ; this lease ceased to exist in 
August, 1902. The yield of the various holdings on the Ophir 
reef is given in detail in the table below : — 



Table showing Yield of the Ophir Eeef. 



Year. 


Name and No. of 
lease. 


Dollied. 


Tons 
cmahed. 


Tons 
cyauided. 


OSB. 

there, 
from. 


Oca. fromi 
cmah. ' Reinarks. 
ings. [ 


to 1897 
1897 ... 
1896 ... 
1199 ... 
1901 ... 

1900 

1901 ... 

1902 ... 


Ophir9B 

Do. 

New Ophir 707 

Q.C.38 

Ophir 847 

Sorereign 785 ... 
Do. sae 

Do. 




118*00 

504-75 

38-00 

13-00 

8-00 

19-00 
102^ 

38-00 


6-00 

2300 
34^ 


... 

2^1 

7^ 

8^ 


400-00 

871-00 

24-80 

7-75 

10-45 

2916 
96-20 

29-76 


State B«tt« 
I>o. 

I>o. 




840«R> 


esiN) 


i&n» 


97211 
18-08 






99019 


orri777o«i 
per ton. 
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Valkyrie Eeef. 

About seven chains east of the Viking Norseman is the north 
end of the Valkjrie Beef which has a north and south course of 
abi)ut 1,000 feet underlaying east, but at a somewhat flatter angle 
than the Norseman reef ; it has been tested to a vertical depth of 140 
feet and has a good body of stone but is irregular and patchy. 

Three shafts have been sunk on it in the No. 1 St. Agnes 
Extended, G M.L. 113. A cross reef also occurs where the gully 
crosses the main reef line. The property subsequently became in 
part Q.C. 115, a crushing from which is included in the table with 
the Agnes Venture Beef. 

The next lease to the south on the Valkyrie reef was the St. 
Agnes, Gr.M.L. 29, taken up by Mr. Holman in September, 1894. 
This and the St. Agnes South, No. 1, G.M.L. 35, were held by an 
English Company, St. Agnes Gold Reefs, which was floated at the 
end of 1895. To these were added the St. Agnes Block, G.M.L. 
189, in October, 1896. the St. Just, G.M.L. 483, the Bonanza, 
G.M.L. 36, and the Bonanza Block, No. 1, G.M.L. 480. These 
two last, however, were on the Bonanza Eeef, which is an east and 
w«t reef and will l»e described next. They were forfeited in May 
1901. Any gold that may have been obtained from these twoleasea 
at this period was merged into the yield of the Valkyrie Keef. 

A line of pipes was laid down to Lake Cowan and a battery of 
10 stajnps erected ; crushing was commenced at the end of 1897. 
The Company stated in 1898 that they had spent £23,000 on the 
property and had done 803 feet of sinking and 728 feet driving. 
In 1898 the Company had to go into liquidation, and the two first- 
oamed leases were forfeited in October, 1899, and the St. Just in 
June, 1899, and the two last in December, 1898. Leases 29, 3t5, and 
189 became in part the Viking Sottth, G.M.L. 778. Evidence was 
given Ijefore the warden in Decf mber, 1900, that the mine had four 
shafts 265 feet, 75 feet, 40 feet, and 108 feet, with 750 feet of main 
drives and 2,500 tons of stone stoped out ; the stone so far had 
yielded only poor results. The property was, in May, 1901 , forfeited. 
It snbsequently became in part Valkybie, G.M.L. 831, of five acres, 
which was amalgamated, in December, 1903, with Valkyrie Nobth, 
G-M.Ii. 853, Valkyrie Extended, G.M.L. 880, Valkyrie West, 
G.M.Li. 886, under the name of the Valkyrie G.M. Co. The work- 
ings of this Company were in progress at the time of my visit, and 
are shown on Plate 4. There are several underlay shafts along the 
Ofutcrop of the reef, the main shaft is at the south end of G.M.L. 29. 
At the 60-feet level of this shaft, the underlay is 40 degrees and it 
gradually lessens as depth is increased until, at 240 feet, it is only 15 
degrees. The reef is very contorted and varies greatly in thickness 
from five feet to a few inches. The gold occurs in bunches and 
appears where the reef has broken through the quartz porphyry 
dykes or where the quartz porphyry forms the hanging wall [5596, 
560BZ. The quai-tz porphyry hereabouts, it should be noted, is very 
pyriteous ; the country rock is a very compact amphibolite [5501] 
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with coDvolutioDS of a harder and coarser crystalline variety [5665]. 
The mine had a chequered career which appears to have been caused 
chiefly by bad financing. G.M.L/s 831, etc , were surrendered in 
January, 1905, and then became part of the Valkyrie Consoli- 
dated, G.M.L. 936, which now exists. 

The yield of the Valkyrie Reef is to be found in the table 
below : — 





Table showing the Yield 


of the Valkyrie Beef, 


Year. 


Name and No. of 
Lease. 


Oes. 

doUied. 


Tons 
crushed. 


'Tons 
cyanided. 


Ozs. 
there- 
from. 


Oes. from 
crush, 
ings. 


Bemarks. 


1897... 


St. A^es Gold 
Beefs, 36, 480,488 




43O0O 






829-65 




1898... 


St. A«ne8 Gold 
Beefs. 29, 35. 189, 
483 


... 


1,080-00 






593-80 




1899... 


St. Agnes Gold 
Beefs, 29, 35, 189. 
483, M.A. 7 




824-00 






217-62 




1899... 


Valkyrie South, 
778 
Do. 




124-00 






137-00 




1900. . 




88100 






282-60 




1901... 


Do. 




3800 






6-90 




1901 ... 


Valkyrie, 831 ... 




62-00 






80-27 




1902... 


1^-64 


85-00 






174-86 




1902... 


Do! 






•4775 


8-37 




State Battery 


1903... 


Do. 


S3-42 


21-00 






148-55 




1903... 


Do. 






ao-oo 


6-73 




State Battery 


1904... 


Valkyrie Leases, 
83, etc. 




621-00 






819-85 


-721 F.; 18-40 
Silver 


1904... 


Do. 






12500 


21-22 




State Battery 


1904... 


Do. 


107-15 










— 93-71 F. 


1904... 


Unregd, Q.C., 
Fowler 




6-00 






7-59 


— 6-38 F. ; 
State Battery 


1904... 


Unregd. Q.C. 166, 
Waterloo 




6-50 






11-30 


— 9-31 F. ; 














State Battery 


1904... 


Do. 






4-00 


1-23 








388*21 


8468-60 


806-75' 


8T66 


2,810-09 
















37-55 
















283-21 






8,180-85 


or -988 OES. per 
















ton 



I 



Bonanza Eeef . 

Immediately to the south of the Valkyrie Consolidated is the 
Bonanza Eeef which extends east and west for nearly 500 feet, 
underlaying south 40 degrees. It crosses the main quartz porphyry 
dyke from the Valkyrie mine ; at this place it is from one to f our 
feet thick, and has been tested to a depth of 60 feet. The quartz 
porphyry is very pyriteous. There are several other subsidiary 
reefs adjaeent to this main n^L (I.M.L's. 36 and 480. Valkyrie 
loas*^8, lieeume wubsequently the Norseman South Bonanza, G.M.L. 
73 It which Wiia forfeited in May, 1901 ; subsequently unregistered 
Q.C, hAd by Mr. Miller, was taken up, which gave place to the 
Bonanza, G.MX. 829;'tlii8 having been forfeit^ in April, 1902, 
evftntuallv became the Bonanza, G.M.L. 859, and subsequently 
TAtTMUTU QM.L. 865. In 190:3, Q.C. 121 was held by Mr. Fitz- 
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gerald for one month ; but later on the Ajax, G.M.L. 882, was taken 
np. Altogether four shafts have been sank on the reef, 45 feet, 
40 feet, 30 feet, and 60 feet deep ; at the latter the reef is stuped 
from the 60-feet level to the surface for 80 feet in length, it being 
richer here at the dyke crossing than elsewhere. 

To the west of the above was the Great Nobseman Junction 
G.M.L. 242, in the north-west corner of which Mr. Angove reported 
a vertical shaft of 50 feet ; others have since been sunk in tlie south- 
west and south-east comers. It was abandoned in October, 1896. 
The south-east portion was subsequently the Klondtke, G.M.L. 
693, which became void in October, 1898. On the east side of the 
last was the St. Agnes and Norseman Junction, G.M.L. 268, 
which was forfeited in August, 1896, and then re-numbered 742, 
and became void in August, 1900. To the east and south of these 
were two leases on which no work was done. The various details of 
the Bonanza Beef are given in the table below. 

TaMe shomng the Yield of the Bonanza Beef. 



r^. 1 Name and No. of 

1 


0X9. 

doUied. 


Tona 
crushed. 


Tons 
cyanided. 


Cm. 

there- 
from. 


0z8. from 
cruBh- 
inffB. 


Bemarks. 


MK Klondyke.0B3 ... 
nw . Koraenuui South 

Bonanza, 7SI 
SCO.. Do. 
aw . 1 Do. 
Ml. I Unreeristered 

Q.C.. Miller 
ttH .. Bonanza, 829 ... 
BOS Q.C.. 121 

iSM . Do.. 882 
»4 Do. 


100^ 


16-00 
21100 

J50-00 
1500 

6700 
7-00 

'22*50 

181-00 

41*42 


"ioo 


2-18 
126-16 


11-25 
617-62 

14-23 
4-54 

28-56 
10-54 

28*58 

177-76 

22-76 


State Battery 

do. 

( 2*88 Silver 
— ^143*50 P. 

. 3-90TF. 
State Battery 






141-42 


608*60 


laoie 


S4M 


883-08 
24-94 
141*42 






1069-44 


or 1 8630EB. per 

ton 



NoTS.~If the returns of the Valkryrie and Bonanza Beefs are taken together the 
yield is equal to 1-124oks. per ton. 



1 



Mount Barker Reef. 

Nearly half a mile eastward of the north end of the Norseman 
Beef is the Mount Barker Beef, which has a strike of about 80 
degrees, and has been traced for a distance of 1|^ miles. It under- 
kj8 to the east 60 degrees and more, and has been tested to 
175 feet vertically below the surface. It has only yielded, however, 
3>S4ozs. of gold. 

The north end of this reef was occupied by ' the Hiohfield, 
M.L. 121. Mr. Angove states that the shaft near the south end 
90 feet, and another on west boundary 25 feet deep respectively. 
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The property subBequentlv became G.M.L. 527, under the same 
name, but was forfeited in September, 1897, and later on became 
in part the Mt. Babkbe No. 6 North, GJM.L. 668, from which 
there are no crushinjjj returns. The reef outcrops in parallel lines 
on the west boundary, showing a strong body of stone. On the 
east side there is a very much crushed quartz-porphyry dyke [6dl2]- 
On the east side of the dyke there is au ironstone formation out- 
cropping. There is a vertical shaft here 90 feet and an underlay 
25 feet further north. This seems a locality worthy of more trial. 

Next south is Mt. Barker No. 5 North, G.M.L. 109. There 
are three shafts here. Mr. Angove states that No. 1 shaft is 
175 feet deep on easterly underlay on a reef which is four feet wide 
at the bottom. No. 2 is 70 feet and No. 3 30 feet deep on a reef 
three feet wide at the surface, but which has increased to seven feet 
at the bottom. The property subsequently became the Bulletin 
G.M.L. 846, from the reef in which a small crushing was obtained, 
particulars of which are to be found in the table. 

Next south was the Mt. Barker No. 4 North, G.M.L. 107. 
The reef outcrops here near the centre of the lease, and there are 
three shafts upon it. Mr. Angove states that No. 1 shaft is 110 feet 
deep, and at 50 feet a drive goes 12 feet north on a lode (schistose 
formation) 12 feet wide ; No. 2 shaft, on north part of lease, has 
been carried down 60 feet on a reef about twofet^t wide ; No. 3 shaft 
is sunk 60 feet vertically. The lease was forfeited in September, 
1897. Subsequently an unregistered Q.C., held bj Mr. H. Parker, 
was taken up upon it, and Q.C. 133, Dead Finish, held by Mr. 
Fitzgerald and party^ from which there have been several small 
crush in gs, particulars of which are to be found in the table. 

On the west side was the Corohandel, G.M. L. 465, which 
subsequently became in ]>art Q.C. 141, held by Woolford and party. 
Next south, was theMT. Barker No. 3 North, G.M.L. 102. There 
seems to be two lines of lode here. The one on the west boundary 
has two vertical shafts of about 30 feet ; the other lode has two 
shafts. One of these, Mr. Angove states, is 120 feet deep on an 
easterly underlay, the other, 100 feet deep, with drive 82 feet west 
to the other shaft, and also a drive on lode at the bottom ; the lode 
formation, he says, is 12 feet wide. This lease belonged to the 
Norseman G.M. Co. in 1898, and there is no separate record of any 
crushing ; it became void in November, 1898. 

South of this was Mt. Barker Extended No. 2 North, 
G.M.L. 40, of 12 acres. Mr. Angove's account states that the 
main shaft was 90 feet verti(!al, and at 40 feet a crosscut west 
was 55 feet to main lode (this shaft, the writer under- 
stands, was subsequently deepened to 120 feet), and thence a drive 
along the lode 25 feet ; another shaft was 80 feet on an easterly 
underlay (of 63 degrees) on the main lode with a drive 25 feet ; 
another, 50 feet ditto on a parallel lode. Foul air was complained 
of in these workings. The formation here is schist with quartz and 
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iionstone, a sulphide lode eTidentlj ; the yield of this lode is shown 
in the table of returns. Q.C's. 146 and 146 were taken up here- 
abouts hj Eyans and party in September, 1903, and be(!arae void 
in Xorember, 1898 ; subsequently the ground became in part Nil 
Dbsperasdum, G.M.L. 726, but was abandoned in June of 1899. 
South again was the Mt. Babkeb Welcome No. 1 North, G.M.L. 
28. The lode is hidden by the surface material at the gully cross- 
iag, but appears strongly on the south side, where it is considerably 
enntorted. Mr. Angove mentions that one shaft is 80 feet, another 
B2 feet deep, from which depth a crosscut has been driven 80 feet 
west Having been voided in November, 1893, it subsequently 
Iwame Q.C8.' 104 and 107 and 109, held respectively by Messrs. 
Garrett and Nugent, and which were surrendered in April, 1903. 

To the southward of this was the Mt. Barker, G.M.L. 14, 
^en up by Mr. R. G. Eamsay, 1894 ; this and the Reward Claim 
ns worked by the Mt. Barker Reward G.M. Co. These two have 
two lines of reef ; the main reef, 2 feet thick, already described 
northward, and another, tJie Agnes Venture Reef, that converges 
'»th a westerly underlay. The main shaft was sunk between them 
on the Reward Claim No. 2, and is down 200 feet. Mr. Catlin 
states that the first 100 feet is vertical, the rest on the lode, which 
^erlies easterly. At the 100 feet level a drive goes 260 feet 
^»wth, where it meets an underlay shaft, beyond this it continues 
l^^feet, where the re^f pinches out; between the shafts it was 12 
inches to 18 inches wide ; from the 50-feet level in this underlay 
shaft there is a drive 35 feet north on a 12-inch reef and 50 feet 
>oath in broken country ; from bottom of main shaft a drive goes 
-'* feet south on an 18-inch reef, where good gold was met with; 
^ter was first reached at 136 feet, and at 142 feet the flow was 
iM gallons a day. No stoping has been done. Further north 
^fB is a shaft 65 feet on a very white quartz. The eastern reef 
^^ tried by a shaft for 50 feet but the stone gave out ; 44 tons from 
osre yielded 12ozs. of gold. There are two small shafts south of 
the main shaft on either the eastern reef or one parallel to it. 
There was a battery of ten stamps here jointly owned by this and 
^hti New No. 1 North Norseman Company, and there was also a 
T^inide plant. This lease became void towards the close of 1901, 
*ndwa8 subsequently Q.Cs. 113 and 114, held by Messrs. Young 
j^d Nugent from August. 1902, to November, 1903; also Q.C. 169, 
^ Mr. H. E. Belamotte for six months ending June, 1905. South 
'^^ this was the Mubbat Channel, G.M.L. 93, which, however, was 
jfandoned in December, 1895, and subsequently became in part 
^)W8TALK East, G.M.L. 374. There is one shaft 60 feet deep. 
^ Mount Barker Eeef appears to terminate here near the crossing 
« the eastern reef, at least there is no sign of it on the valley flat. 
**«tward and adjacent to 374 was the Lucky Hill, G.M.L. 369, 
^^ the eastern comer of which there is a shaft. Subsequent to 
^forfeiture of the lease in 1897 Q.C. 103, held by Howard and 
^Jf was taken up and held for nearly two years, although, how- 
^^> the returns show only one small crushing from this locality. 
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I 
The following table gives de^tails of the yield of the Mount | 
Barker Eeef- — 



Table showing the Yield of the Mount Barker Beef. 



Tear. 


Name and No. 
of leaM. 


Dollied. 


Tons 
crashed. 


Tons 
cyaaided. 


O.S. 
theie- 
from. 


Oxs. from 
crush- 
iiigs. 


Bemarks. 


1901 ... 


Balietm846 ... 




7-00 






2-55 




1902... 


Do. 




7-00 






8-58 




1908... 






7-00 


5-00 


"-W 


3-58 


State Battery 


1897... 


Ht. Barker No. 4 
North 107 




78-50 


... 




9-00 


Be^-ilaqua 


1908... 


H. Parker oo 107 


... 


11-50 






4-16 


State Battery 


1902... 


Q.C. 133, Dead 
Finish, on 107 




16-00 






5-60 


Do. 


1903... 


Do. 




10-00 


8-00 


2*21 


4-80 


Do, 


1904... 


Do. 




7-00 


4-00 


•59 


2-60 


Do. 


1908... 


Q,C. 141 on 107 ... 
Mt. Barker Ex. 




10-00 






2-64 


Do. 


1896... 




58-00 




... 


10-80 






tended No. 2 
















N.40 














1896... 


Do. 






55-20 


5-85 




Do. 


1899... 


Do. 




10-00 






2-85 




1904... 


Q.C. 145 N. on (40 
Q.C. 104 to 107, 




50-00 






27-25 


= 23-21 P. 


1902... 




150-00 


92-60 


2i4-18 


92-12 


Stat« Battery 




100, on 28 














1908... 


UnremsteredQ.C.., ... 
Bidiarda 


14-20 






504 


Do. 


1903... 


Unreffi8teredQ.C.,! ... 
Houman i 


85-50 


7800 


21-90 


54-46 


Do. 


1904 .. 


Jones 


... 


25-00 


44-10 


9-60 


13-76 


Do. 


1897... 


Mt. Barker Be- 
wardU 




136-00 






26-10 




1898... 


Do. 




19-50 






9-00 




1899... 


Do. 










plates. 




1900... 












4-70 




1902... 


Southwell, on 14 
Q.C. 103on960?... 




12-00 






5-20 


Do. 






714-90 

ao-00 


181-80 


6612 


280-2B 
65-81 






864-60 


or -4940S8. per 

ton 
or -470OSB. per 


1902... 


u-u 




1 










t^n 



NeUie May Beef! 

About three-quarters of a mile east from the Record is the NfiL.x«xs 
May, G.M.L. 878 ; here the decomposed rocks are within three feet 
of the surface, and a very rich patch of gold was found bv an op>eii 
cut on a line of quartz stringers which are intersected by cross veins 
making quite a network, the gold being found at the crossings of 
the veins. A shaft was being sunk at the time of my visit to test the 
ground at a greater depth. On the south-west side there are several 
outcrops of two parallel reefs trending north-east and south-west^ 
underlaying southerly on which Q.C. 138, held by Campbell and 
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Smith from July, 1903, to January, 1904, was situated. A shaft 
was sunk on the reef, which proved very poor. 

Fio. 14. 




Q. MTERSEOTV^Q QUARTZ VEM8 NELUE MAY Q.M.L. 8 7 8 

The details of the crushings shown in the table below indicate 
4at some very rich stone has been raised from this locality : — 





Taihle shovnng the 


Yield 


of the Nettie May Reef. 


Tetr. 


' Name and No. 
ofleaae. 


^^J^. 


1 , 

T^«. i Oss. Os«. from 


Bemarks. 


an... 

HM... 
Ml.. 

WB... 


Neme]fay,873... 

Do. 

Do. 

Do. 

Do. 
Q.C.. 138 


ieH)o 

58-56 


76-50 
"24-50 

34-00 


28-50 

"e-oo 


31-62 
2-26 


1392-06 
"46-51 

'*610 


State Battery 
= 37-12 F. 
State Battery 
=t 53-64 F. 






74-66 


18600 


8460 


88-88 


1438-66 
33-88 
74-56 






154710 


or 11 -4800X8. per 
ton. 



The Pot Lnck Reef. 

About a quarter of a mile south-west of the Nellie May, was 
Ae site of the Pot Luck No. 1 North, G.M.L. 291. A small 
^rth and south quartz vein occurs here : no work has been done, 
^ the kases were declared void in November, 1896. South of 
Aw was the Pot Lttck Extended, G.M.L. 293, of 12 acres, on the 
*u»ereef, but it was voided in November. 1896. 
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The Agnes Yeatnre Beef. 

The AoNBs Venture Reef has a course slightly to the east of 
north, and has been traced from balf-a-mile east of the north end of 
the Mt. Barker Reef. It crosses that reef at the Mount Barker 
Reward Olaim and extends to the east side of the Valkyrip. a 
distance of thn^e miles ; it differs from the reefs hitherto described 
by underlaying to the west, and, besides the quartz, it is, to a 
considerable extent, accompanied by a graphitic schist and 
occassionally by a feiTuginous formation. The reef has been tested 
to a vei-tic^i depth of 163 feet. This reef may perhaps indicate the 
westernmost appearance of the banded quartzite series that appear 
so extensively to the eastward. 

The north end of this line was occupied by the Bbocklesbt, 
G.M.L. 375, where there was a ferruginous lode formatian, on 
which a shaft has been sunk, but no particulars of it are available ; 
it is, however, probably about 30 feet deep. There are also two 
other quartz veins a few chains to the west. Adjoining the south 
boundary were the Ironsides, G.M.L. 294, of 12 acres, and the 
Pot Luck, G.M.L. 230, on a large outcrop of a very white quartz 
reef, where a 90-feet shaft has been put down on its underlay of 
55 degrees ; this latter property was voided in October, 1896. 
South of this was the Little Beatrice, G.M.L. 274 in which there 
is a shaft 60 feet vertical. This also was voided in October, 1896. 
South again was the Arcadia, G.M.L. 214, which appears to have 
been abandoned in April, 1896. Next was the Lady Altcb, 
G.M.L. 238. Mr. Angove mentions that the shaft near the east 
boundary had been carried down 30 feet on the underlay of the 
reef, and that drive had been put in 12 feet to the west; also two 
shafts near the south-cast corner, 35 feet, on the reef 12 inches 
wide. A quartz porphyry dyke occurs here with ironstone. On the 
west was the Josephine, G.M.L. 418. Mr. Angove states that one 
shaft near the north-east comer is 40 feet vertical, with a drive 
north 1 7 feet ; another, on we.st boundary, 25 feet on a cross reef, 
with a drive east ; whilst in the south-west comer another underlay 
shaft had been sunk 30 feet southerly. 

South of 238 was the Surprise, G.M.L. 248, where there is one 
shaft of 25 feet. This was forfeited in September, 1896. On the 
west was the Lady Aroyle, G.M.L. 367, upon which there are two 
shafts. Mr. Angove mentions one is 60 feet, with drive north and 
crosscut 30 feet west, and the other sunk on an easterly underlay of 
a reef which is 6 feet wide. This may be a re-appearance of the 
Lady Jean Reef. 

To the south lay the Little Bachael, G.M.L. 136, which had 
a shaft 56 feet on west underlay and another 35 feet on a parallel 
lode, in addition to a third of 20 feet deep on a north-west and 
south-east reef. Having been forfeited in July, 1896, it sub- 
sequently became the Little Bachael, G.M.L. 528, which ceased to 
exist as such in January, 1897. South of this was the Union Jack» 
G.M.L. 166. The shaft in the gully, Mr. Angove states, was 90 feet 
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deep, cutting the reef at 80 feet. Another shaft of 30 feet was sunk 
on a cross reef . The Union Jack was forfeited in October, 1896, 
tboQgh it became subsequently the Union Jack, G.M.L. 588, but 
ceased to exist in February. 1899. 

The reef next appears in the Mt. Barker lease, already described, 
tnd passes through the Reward Claim No. 2, crossing the Mt. 
Barker reef into the Cornstalk, G.M.L. 119. Mr. Angove states 
diat the north shaft here is 40 feet deop and south shaft 90 feet 
deep. There is no information to hand as to whether any enrich- 
ment of the reefs occurred at their intersection. The Cornstalk 
ceased to exist in December, 1897. 

Next south was the G&bat Boxtldbb Norseman, G.M.L. 104. 
An ironstone formation oc<5urs on the boundai^y between these two 
leases, underlying west, and a quartz reef on the west boundary, 
imderi;^ing east, on which there is a shaft ; the rock adjacent to the 
reef is schistose. This reef will be described later as the Lady Jean 
Beef. The shaft on the east boundary, on a cross reef, Mr. Angove 
states, is 60 feet. A huge outcrop of very white quartz here is 
probably part of this Agnes Venture reef or lode. The Agnes 
Venture lode passes southwards from the Great Boulder into the 
CiUNT ScoTCHMAj7, G.M.L. 198, where there are two shafts about 
Wfeet on its easterly underlay. Mr. Angove states that one was 
60 feet, with a crpsscut 55 feet west to the lode, and a drive 10 feet 
north on reef. This lease was forfeited in October, 1896 ; the lode 
then passes through the Blue Flag, G.M.L. 179. There is a shaft 
on it towards the south boundary, and a parallel formation about 
^oar chains to the eastward. Several shafts have been sunk here 
on two other reefs. Mr. Angove enumerates six shafts from 62 feet 
to 26 feet, with 46 feet drives. This formation is an outlying repre- 
fcntative of the banded series which appears extensively half-a-mile 
eastward. 

South of this is the Tkue Blue, G.M.L. 283, which has a cross 
reef and small shaft on -it. There is a vertical shaft near the 
south boundary on the lode, which Mr. Angove says is 40 feet deep, 
with a crosscut driven east. 

South of this was the Agnes Vbntuee North, G.M.L. 781 ; 
tliisand G.M.L- 782 were held. by the Norseman, Limited, Syndi- 
cate, an English Company. There are two shafts here on the line 
of the lode, which underlays 60 degrees to west, it was voided in 
Jnly, 1900. 

Next south was the St. Aones No. 2 North, G.M.L. 38; 
»hich subsequently became the St. Agnes No. 2 North, G.M.L. 
H2. Mr. Angove states that in August, 1896, there were three 
•lafts, one yertical 51 feet, with drives south 22 feet and north 26 
fet, and two underlay shaJPts 32 feet and 35 feet. The lease ceased 
to exist in November, 1899, but subsequently became Aon^s 



Venture, G.M.L. 782, which became void in Julj, 1902. The 
north shaft here is on a quartz reef underlying east ; it intersects a 
quartz porphyry dyke ; portions of both quartz an<l dyke show a 
banded character [5945, 5949J. The next shaft south, about 150 feet, 
shows graphite schist in the dump. A little farther south-west is 
Hart's adit on the CALEnoNiAN, G.M.L. 885. It is 180 feet long, 
and was made with the idea of tapping the Valkyrie Keef on the 
underlay. It has since been abandoned, for it was found that the 
project was not a sound one. Two crushings have been obtained 
from this lease, details of whicli are to be found in the table of 
returns. About four to six chains southward of the adit there are 
two shafts on the lode line, where two cross reefs intersect it. The 
lode then cuts out, and re-appears about seven chains farther south, 
but about four chains to the east. This is in the Kinoswood, 
G.M.L. 123, upon which there are three shafts on the saddle of the 
cross ridge. Mr. Angove states that one is 195 feet on the westerly 
underlay and another 150 feet vertical and 60 feet on underlay, a 
crosscut connects the two shafts. Mr. Bevilaqua, who formerly 
held this lease, states that the latter had 50 feet driving, and that a 
third shaft is 100 feet ; he said that a considerable amount of foul 
air occurred here. The lode is graphitic, with pyriteous quartz. 
The underlay is 75 degrees to west. The owner expected to be able 
to cut the St. Agnes Reef. 

On the south-west side of the last was th'e*ST. Aonbs No. 1 
North, G.M.L. 46, which was eventually amalgamated with G.M.Ls. 
142, 593. The property became void in November, 1899 ; subse- 
quently it was known as the Moonlioht, G.M.L. 855, and finally 
as Caledonian, G.M.L. 885, which was surrendered at the close of 
1904. 



Table showing the Yield of the Agnes Venture Beef. 



Year. 


Name and No. of 
lease. 


Ozs. 

dolUed. 


Tons 
crashed. 


Tons> 
cyanided. 


Oes. 
there, 
from. 


Oss. from, 
crush- 1 Remarks. 


1896... 1 King8wood]23 ... 

1897... Do. 

1897 ... St. Agnes No. 2 

. NU2 
1903. . Q.C. 115 on 142 ... 
1896 St. Agnes No. 1 

N.E.46 
1899.. Do. 
1902... Moonlight 855 ... 
190:) .. Q.C. Evans and 

1903... 1 Q.C. U5 on parts 
J13and782 




10-00 
10-00 
60*50 

17-00 
48-00 

45-00 
14 00 
3800 

17-00 


75-00 


■'•26 


15-00 

5-50 

55-05 

11-96 
87-40 

12-00 
6-65 
4-46 

11-97 


Do. 
State Battery 

state B&ttexy 
Do. 


1 




260-60 


TB-OD 


16 


158-99 
-26 


-ifl4 oxa. peK- 
ton. 


1 


160-26 or 
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Lady Jean Beef. 

The north end of this reef appears on the west side of the 
O^REAT BouLDEB NoBSEM AN, Q-.M.L. 104, already mentioned at the 
Diddle of the line of the last reef, and to which it is nearly parallel, 
a!thon}?h it underlays to the east. The length of the reef is about 
3X^<H) feet. 

The naain shaft of the Great Boulder is on this reef, and is 
pi»bablj 120 feet in vertical depth. The dump shows coarsely 
crystalline amphibolite and actinolite rock [5655]- This shaft was 
pm down to intersect the Lady Jean Reef at a depth. A long line 
of quartz porphyry occurs in the west side of this main shaft. There 
are then two shafts 50 feet each on the same reef, which is from 
three to four feet wide, according to Mr. Angove, also an underlay 
shaft a few chains northward at an outcrop of the same reef. 

South of this was the Pekin, G.M.L. 118, on which there is a 
Tertieal shaft of 55 feet. The property ceased to exist in August, 

1896, and was subsequently retaken up under the name of the 
FsKiir, G.M.L. 577, which, however, only was held until December, 
1897. 

South again was the Canton, G.M.L. 92. There are two 
nnderlay shafts here on the Lady Jean Reef. Mr. Angove states 
that one is 52 feet, the other 60 feet in depth, and the reef nine 
inches to 12 inches wide. The lease subsequently became the 
Cant:>k, G.M.L. 244, from which a small crushing was obtained. 
Having been forfeited in 1896, it subsequently became the Canton, 
G.M.Ij. 576, and, in 1897, in part Lady Jean North, G.M.L. 800. 

South of this was the Middleton, G.M.L. 91, owned by G. T. 
Sinclair, who is stated to have expended ,6800 on the lease ; shafts, 
one 110 feet deep with 60 feet drives ; one 55 feet, and three others 
25 feet to 30 feet have been sunk. The Middleton was voided in 

1897, and subsequently became the Lady Jean, G.M.L. 757. These 
three last leases were amalgamated in July, 1900. The old shaft 
at the south-west corner is 45 feet vertical, and continued for a 
farther distance of 125 feet on an underlay of 25 degrees. There 
are drives at 60 feet and 150 feet respectively. At 110 feet the 
oxidized zone begins to change to harder rock, and at bottom the 
rock ie a slightly schistose amphibolite. At the south end of the 
lower drive the country rock becomes considerably ferruginous. A 
iiew shaft towards the centre of the lease is vertical 70 feet, all in 
soft brown oxidized rock. The reef averages 12 inches. Cross 
eoarses of quartz about 1 inch to 2 inches in thickness are met with 
hi both workings ; they occurred at a rich patch, but cannot be said 
to indicate gold. In addition, slickensided faces are numerous, 
indicating horizontal movement [6062], along the plane of the reef. 
There is also a shaft 50 feet and two shafts 30 feet each. Up to 
Maj, 1905, between £4,000 and ^5,000 had been expended on the 
inixie. 
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South-west of 757 was the Milduba Block Extended, Q.M.L. 
235, this, having been surrendered, subsequently became Q.C. 110, 
which existed as such from July, 1902, to January, 1904. 

On the east side of this was the No&sehan Cbntsal, G.M.L. 
267. There is a shaft sunk here down to the Lady Jean Reef, which 
continues south into these last two leases. 

The various details connected with tho gold yield of the Lady 
Jean Reef will be found in the table below : — 





Table showing the 


Yield 


of the Lady Jean Beef. 


Year. 


Name and No. of 
lease. 


OSB. 

dollied. 


\ 

\ Tons, 
crashed. 


Tons 
cyanided. 


Oss. 
there- 
from. 

1 


Oss. fromi 
crush- ! Bemarks. 


1899... 


Canton. 244 




6-00 






2-70 




1900... 


Canton, with 757, 
M« below 














1901... 


Q.C, Hoffman, 
Canton 




6^ 






2*54 


State Battery 


1902... 


Do. 






4-00 


-68 




Do. 


1908... 


Unregd. Q.C,, 
Evans, 244 




16-00 


12-50 


5-71 


4-51 


Do. 


1898... 


Middleton, 91 ... 




23-00 






8-75 




1899... 


Do. 




7-00 






1-35 




1899... 


LadyJean, 757 ... 


'6-00 


82-00 






202-17 




1900... 




293-00 






373-93 




1900... 


Do! 






43-50 


'4-93 




State Battex7 


1901.. 


LadyJean,757,800 




asi-oo 






506-54 




1901 ... 






275-00 


68-10 




State Batterr 


1902... 


Do! 




M6-00 






715-97 


1902. . 


Do. 






201-50 


61-45 


State Battery 


1903... 


Do. 




s»6'00 






40915 


1903... 


Do. 






191-60 


44-32 


State Batterr 


1904... 


Do. 




18900 






280-88 


= 244 44 P. 
17-86 Silver 


1904... 


Do. 






210-91 


59-93 




State Battery 


1904... 


Q.C., 110on235... 




si-00 






ri-20 






eoo 


l,e8900 


sss-gi 


84501 


2.516-69 

245-07 

6-00 
















>rr8Koza. per 
ton 




2,W7»< 



The Lone Hand Beef. 

Adjacent to the south boundary of the Norseman town site 
there are several cross reefs and north and south reefs on 'which six 
leases were taken up, but very little is known now conceminf? the 
workings. The Spibit op the West, G.M.L. 264, had a cross reef, 
underlying south, on which two shafts have been sunk 50 feet and 
60 feet. On the east side of this was the Lone Hand, G.M.L. 1'41 . 
Mr. Angove enumerates fiye shafts, two 90 feet on westerly under- 
lay on two [>araUel lodes ; one was on a reef 4 feet 6 inches wide, 
driven on south 30 feet ; in the other at 70 feet level there is a drive 
south 40 feet on a reef 5 feet wide. Another shaft vertical 40 feet, 
another 40 feet on a reef 2 feet wide, another 40 feet (see returns). 
To the south of this was the Jokeb, G.M.L. 148, on which three 
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shafts have been sunk, but do particulars are obtainable regarding 
xhem. 



TahU showing the Yield of the Lone Hand Beef. 


Tear. Name and No. of leoae. 


cnShed. Y-»<*- 


18&7 ... Lone Hand, 141 


tonn. ozB. 

150-00 16-50 



1 OP llozs. per ton 



The Star of Erin Beef, etc. 

About half a-mile south-easterly from here some quartz por- 
phyry dykes occur, these have been followed by short quartz reefs. 
Here' was the Midas. G.M.L. 135, which was held by the Midas 
G.M. Co., which gave, however, most attention to their other lease 
the John Bull. Mr. Angove states that Brown's shaft was 65 feet 
deep (on the Midas reef) underlying south ; another 70 feet deep 
also underlying south, with a drive east for 20 feet on same, with a 
^ir amount of stoping. There is also a smaller north and south 
reef on the eastern side [6097]. Between two of the quartz por- 
phyries occurs an intrusive diorite dyke [5095]. The amphibolite 
forming the country rock has been altered near to it into mica 
schist [5906]. This lease became void in October, 1898, and was 
subsequently in part Q.C. 30, held by G^eo. Graham for a period of 
four months in 1899, when it became G.G., G.M.L. 743. This latter 
became void in August, 1900, and was subsequently Q.C. 79, held 
by the same party until January, 1901 ; part also of G.G. became 
Q.C. 80. and was held until January, 1904, about when it became 
Star of Ebin, G.M.L. 905. This having been forfeited in July, 
1905, was applied for again as Stab of Ebin, G.M.L. 946. 

The yield of the Star of Erin Reef is given in detail in the 
table below : — 

Table showing the Yield of the Star of Erin Reef 



Tear. 



Name and Ko. of 



Dollied. 






18»... 


Q.C.30 

G.Q.,74S 


IS9» . 


ISOi . 


6o 


ism 


Q.C.79 

Q.C.80 


IMS... 


tm . 


Do 


ISM .. 


Star of Erin, 905 


WM 


Do 



TonB 
crashed. 



75 



12*83 



18*68 



1800 
0000 
5000 
19-00 



30-50 



177-50 

« 



Tons 
cyaoided. 



80-00 



8000 



0X8. 

there- 
from. 



Oss. from 
crash 
ings. 



808 



8-08 



Remarks. 



1318 
20-65 
80-90 
8-08 



13-02 



Bevilaqua 

State BaUerj 
Do. 
Do. 

= ira7F. 

= 10-88 F. 



85-78 ! 
808 . 
13*58 

W9i or eOCozs. per 

ton. 
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The O.K. Reef. 

About 15 chains south of the G.G. is the O.K., G.M.L. 90C, 
where there is a shaft 85 feet on the underlay on east and west reef, 
which dips at 80 degrees south. The reef ranges up to 3 feet in thick- 
ness, though the aterage is about 12 inches. It is a ferruginous 
quartz, showing gold in places fSOQSJ. To the east and west are the 
O.K. East ai)d O.K. Extended, lately taken up. Half-a-mile 
south is the commencement of the Mt. Benson group of reefs, 
which are mostly short, but have iiroved good producers of gold. 
They radiate to the north-east, last, south-east, and south-west 
from the west comer of G.M.L. 43, Mt. Benson as an approximate 
centre. The northernmost lease on this ground is the St. Vincent, 
G.M.L. 208, which was forfeited in November, 1896. 

On its south-east side was the Mt. Benson North, G.M.L. 
535, where there is a small north-east and south-west reef, with a 
shaft on the underlay southerly. The reef skirts the west side of a 
small quartz porphyry dyke. Having been abandoned in April, 
1897, both these leases subsequent! v became in par t Mt. Benson 
North, G.M.L. 616, and later Q.c! 39, held by W. E. Evans till 
January, 1904. 

The various crushings on the O.K. Seep showed its average 
to be about loz. per ton. The details are to be found in the table 
below : — 

Table showing the yield of the O.K. Reef. 



Year. 


Name and No. of 
lease. 


DolUed. 


Tons 
crushed. 


Tons 
oyanided. 


Oss. 
there, 
from. 


Oz8.from 
crush, 
in^. 


BemarkB. 


1904... 

1904... 

1896... 
1897... 
1896... 
1899... 


O.K. 908 

Do 

Unregriatered 

QCBPeake 
Mt. Benson N., 535 

I>o 

Do 

Q.C.39 




281-00 
"6-60 
19-50 
*i5-50 


150-66 


42-85 


215-47 

"2-15 

2175 

8-20 


189-61 F 

State Battery 

= 177F ^ 

BcTilaqoa 

State Battery 






968'60 


IGO-M 


4S*tf 


247-57 
42-85 






890-tf 


or 1-104 OZ8. 
per ton. 



The Oversight Beef. 

South of the Q.C. 39 was the North Benson, G.M.L. 62, which 
subsequently became the Mt. Bei^on No. 1 North, G.M.L. 565, 
having been forfeited in September, 1898. A quartz claim, Q.C. 9, 
held by Oreo. Graham, was taken up and a small crushing put 
through, as may be seen in the return, subsequently this became 
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in part the Otebaioht, G.M.L. 914. A vertical shaft has been 
9imk 93 feet near the middle of the lease on what is apparently the 
continuation of the Discovery Reef. The reef is much intermixed 
with the amphibolite country rock, so much so that pyritous 
aniphibolite in parts alone represents the reef* but this has been 
emshed with the quartz, as it carries fair gold. 

Table showing the Yield of tJie Oversight Beef, 



Yflv. 


Name and No. of lease. 





re. 
Cyanided. 


Prom 
cyanide. 


From ore. 






Crushed. 




1»8 ... 

m ... 


Q.C. 9 (Orahun) on 565 ... 
OveMiffht. 914 


tons. 
15-50 
2S-W> 


tons. 
U-00 


OBS. 

12-45 


ozs. 
8-23 
74-95 
(or 66-71F) 




48-60 


uoo 


12*45 


83-18 
12-45 




9668 
or 3'196oss. per ton 



The Cnmberland Beef. 

Ten chains south-east of the Oversight was the east end of 
Hall's Beef, on which was situated the John Bull, G.M.L. 53, held 
by the Midas Q.M. Co. There were in June, 1900, five shafts, 140 
feet, 100 feet, 85 feet, 60 feet, and 50 feet deep respectively, with 
500 feet of driving and 100 fathoms of stoping. The lease was 
amalgamated with the Mt. Benson G.M. Co. in April of 1903. 

On the west of the John Bull was the Mt. Benson G.M. Co.'s 
leases, Mt. Benson, G.M.L., 43 occupying the west end of 
Johnsoiil's Reef and the John Bull Reef, which joins it. The 
Mt. Bbnbon Extended, G.M.L. 42, which has the western ix)r- 
tion of Hall's Reef and the Discovery Reef and the Mt. 
Bekson West, G.M.L. 816, these were amalgamated in the 
early part of 1901. The Mt. Benson West became subsequently 
the Evening Star, G.M.L. 889. The Company stated in 
February, 1902, that in G.M.L. 43 thev had sunk six shafts, 
140 feet, 115 feet, 85 feet, two 60 feet, 50 feet deep re8i)ectively, 
with 923 feet drives and 81 feet crosscuts ; in G.M.L. 42, six shafts, 
of 120 feet, 110 feet, 100 feet, 350 feet respectively, with 751 feet 
driving and 80 feet crosscuts. In lease 816, five shafts, two 60 feet 
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deep, one 50 feet deep, and two 30 feet deep. In lease 53, five 
shafts, 205 feet. 120 feet, 90 feet, 25 feet, 20 feet deep, with 167 
feet drives, and 111 feet crosscuts. In March, 1903, this Company 
was amalgamated with the Cumberland G.M. Co. whose properties 
adjoined them on the south side, holding G.M.Ls. 579, 690, in 
which was the Cumberland main reef and G.M.L. 700. The last 
one was, however, abandoned. The Companv's ground then 
comprised G.M.Ls. 42, 43, 898, 889, and 53, having a total of a 
little over 86 acres. The Cumberland Co. stated .in December, 
1902, they had crushed 4,398 tons of stone yielding 4,230 oza., 
which at the average value per oz. for that year of J63 lis. 6^d. 
equals ^£15.126 (Fig. 15). The work done at the time of 
amalgamation in G.ftf.L. 681 comprised two shafts 80 feet and one 
30 feet deep, with 167 feet of driving in addition to 111 feet 
crosscuts. In G.M.L. 816 there were two shafts 60 feet, one 
50 feet, and two 30 feet deep with 55 feet driving. 

In the present Cumberland QtoXd Mine only one reef. Hall's 
Keef, was l>eing worked at the time of my inspection, via., that in 
G.M.L. 42, Mt. Benson Extended. It has approximately an 
east-north-east course underlying 70 degrees to south. The new 
main shaft is here 350 feet vertical depth, with levels at 150 feet, 
250 feet and 350 feet ; very little stoping has as yet been done. 

The lower level had been driven 167 feet east [5681] and 137 
feet west [6982] ; the upper was 332 feet east [5083] and 148 feet 
west. It has since then been connected with the Monday shaft 
workings for ventilation purposes. The reef has an average width 
of about two feet six inches in the upper levels. The walls are verv 
well defined and regular ; the quartz has a bluish colour and 
frequently has numerous inclusions of a formation or gossan. The 
gold is very fine and the ore is free milling. The old workings on 
this reef are to the eastward and comprise two underlay shafts and 
a drive at about 60 feet. About 50 feet from the easterly boundary 
another reef, the John Bull, meets this reef in a south-south-east^ 
direction underlaying 75 degrees to the north and they unite. The 
John Bull Reef has been driven on for a short distance to the 
west and also eastward to the 80 feet vertical shaft at the quarte 
porphyry dyke. This shaft is known as the John Bull or Bickford 
shaft. The reef is about 18 inches in thickness average, but 
narrows greatly on passing into the dyke which underlays 60 degrees 
to west. 

In the next lease south of this is Johnson's Beef, it has & 
more south-easterly course and extends into the Avon, G.M.L. 898. 
The reef has a southerly underlay of about 70 degrees and has been 
worked from the western end by an adit 420 feet long with underlay 
shafts ; it probably averages two feet wide. The formation is larger 
than in Hall's reef. In the upper portion this is represented by a 
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claj in which the then mana^r states that ** slugs " of gold were 
embedded ; it is stoj.ed from the adit level to the surface. 

The eastern continuation of Johnson's reef was in the Mt. 
* Bbnson No, 1 Extended, G.M.L. 52. In April, 1899, this lease 
was merged into the Kirkpatrick Mt. Benson G-.M. Company, which, 
then, also held the Rising Sun, G.M.L. 71, and the Kirkpatsick 
Mt. Benson, G.M.L. 614. In November, 1901, the Company staled 
that in lease 82 thej had sunk five shafts, two of 140 feet, 120 feet, 
60 feet, and 30 feet, and also 670 feet of drives and 222 square 
yards of sloping. I was informed that the main shaft towards the 
eastern end of 52 lease is 160 feet vertical depth. Lease 52 became 
void in July, 1903; the northern portion became the Avon, 
G.M.Xi. 898. ond is held by the Cumberland G.M. Company. 

Monday shaft is on the southerly sweep of HalFs reef. The 
reef is here very variable, averaging about nine inches wide, but 
is rich in places ; on the south side of the shaft it bifurcates. The 
eastern branch is highly pyribeous. The quartz porphyry dyke 
adjacent to the shaft is also highly pyriteous and underlays to the 
west ; it was apparently met with in the Cumberland West shaft at 
90 feet, thus showing an underlay of about 82 degrees. 

Tbe DiscovEBY Bebf is about seven chains north of HalFs 
reef. There is here a vertical shaft about 100 feet with drives east 
And west on an 18 inch roef at bottom, which carries fair values. 
This reef is evidently identical with that in the Oversight lease 
abeadj referred to. 

The Cumberland Main Beef trends north-east and south- 
west across the western summit of the hill in G.M.L. 579, the 
CuMBBBLAND ; it uudorlays 70 to 80 degrees to the west and out- 
crops on the west side of a quartz porphyry dyke having the same 
direction. A special feature of this reef is the occurrence of cross 
spurs of quartz ; these are curved about greatly. A schistose 
formation or gossan occurs on either side of the reef carrying 
calcite and pyrites ( [5978] assays 10 grains per ton). The chutes 
of ore dip south, and the reef makes and pinches greatly from 
6 inches to 6 feet in thickness. 

The reef has been traced across the Southern lease 690, the 

Waipitkebau, which was previously in part the New Zealand, 

G.M.Ii. 58, where Mr. Angove states it was 1 foot 6 inches to 

3 feet thick, carrying good values. The main shaft is vertical, 

bout 15 chains south of the Monday shaft, and is 227 feet deep, 

nth levels at 73 feet, 185 feet, and 217 feet respectively, and an 

dit level. Considerable sized bunches of iridescent iron pyrites 

»ccur in the lowest level, and are said to carry gold in places [5077]. 

Hie workings of this mine are shown on Plate III. 

There are also workings on the ends of the east and west 
irkpatrick reefs, which extend easterly into this lease. 
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The following table gives the yield of the group of reefs 
described above : — 

Table showing the Yield of the Cumberland Reefs. 



Year. 


Name and No. of 
lease. 


Dollied. 


Tons 
crushed. 


Tons 
cyanided. 


Ozs. 

there- 
from. 


Oss. from 
crush- 1 Remarks, 
ings. 


1896... 


Cumberland Q.M., 




160-00 


... 




218-00 I 




579 










I 


1897... 


Do. 




210-00 






157-58 i 


1886... 


Cumberland G.M., 
579.690 




420-10 






1,580-50. 


1899 .. 


Cumberland G.M., 
579, 690. 700 




568-00 






524-73 1 


1900... 
1901... 


nA 












MJ\J. 

Do. .. 1 ... 


1,004-00 






1,058-15 


1902... 


Do. 


73300 






687-96 1 


1903... 


Cumberland G.M., 
42. 43. 53, 579. 
690 


... 


-05 


1,100-00 


586-48 


3-83 1 


1904... 


CnmberbmdG.M.. 
42. 4», 53, 379. 




4.324-00 






6,856-48 = 5,724-46 F, 




Ul^O, 889, 896 












orl-406ozB.p^r 
ton. 




! 


7,41916 


1,10000 


580*48 


«^2 




1-50 








IMOOIK 


1896... 


Mt. Benson G.M., 




19-00 




42.43 














1897... 


Do. 




610-90 






527-17 




1898... 


Mt. Benson G J(., 

V'*^ ... 




1,867-00 






1,459-30 




1899... 




972-uO 






1.36270 




1900... 


Do. 




930-00 


... 




914-56 




1901 ... 


Do. 


... 


13200 




... 


252-80 




1902... 


Do. 




184-00 
4,607-40 


... 


... 


187-05 






4,7S-C8< 


irl-OOWosa.per 
ton. 


1896... 


John Bull Midas 




314-00 


... 


... 


31515 




G.M. Co., 53 














1899... 


Do. 




366-00 






206-24 




1900... 


Do. 




50-00 






30-90 






730*00 


66S-S0 


or -7806OI8. pear 
















ton. 



The Excelsior and Eureka Beefii. 

The Eureka, G.M.L. 728, south of the Mt. Benson North, has 
two shafts near its eastern boundary upon what may be a continua- 
tion of the Discovery reef. 

South of the Eureka was the Mt. Bbnson Wbst, G.M.L. 259. 
This lease occupied portion of the same ground as G.M.L. 816 of 
the same name already referred to among the Mt. Benson G.M. 
Co.*s leases. Mr. Angove mentions three shafts, one 45 feet on tho 
underlay of the reef, with a drive south 8 feet ; another shaft 40 feet^ 
vertical ; and a third 36ft., in progress in 1896. 
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South of this was the Cumberland West, G.M.L. 897, on 
existing lease, and Cumberland Wkst Extended, G.M.L. 927, 
?bich are both situated on the we«t side of G.M.L. 579. In the 
former th«re is a shaft on the underlay east of a reef, which is 
jwallel to the Cumberland main reef. Mr. Angove states that 
this is 40 feet deep, and the reef 4 feet wide, carrying gold at surface. 
Thb ground was then Ezcelsora Magna, G.M.L. 275, where Mr. 
Angove states there was a shaft 40 feet on the underlay of a 4 feet 
reef, canying gold from surface. A new shaft is being suak at the 
eastern end to endeavour to find the Cumberland reef on the west 
side of the quartz porphyry dyke at the west end of that i-eef . The 
lease also includes a shaft on its south boundary. This was 
probably the one Mr. Angove mentions in the then Alice, G.M.L. 
354, as being 30 feet vertical, with a crosscut 40 feet west, but no reef 
▼as found. The dump shows fine grained pyritous amphibolite 
:'599i]. 

The yield from these two reefs as shown in the table below is 
Roall. 

Table showing the Yield of the Excelsior and Eureka Beefs, 



Jmr. 


Name and No. of 
lease. 


Tons 1 Tons 
treated, t cyanided. 


0«8. Ozs. 
from there- 
cyanide, from. 


- 


Prerioas 

to 1897 

1902 ... 


£ X celsora 

Magna, 275 

Eureka, 728 ... 


20-00 
10-00 


9-00 


1-08 


4-00 
2-5» 


State battery 






3000 


900 


108 


6-53 
108 












761 


or -25403. per 
ton 
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The Beconpe Beefs. 

On the south side of the Cumberland Company's ground were 
the Recoups Beefs. These are two or more short reefs under- 
lajii^ south and approximately parallel with the Kirkpatrick reefs, 
vhieh will be described next. The Thbee Stabs, G.M.L. 220, was 
liere. The main shaft was in the northern, the principal reef. The 
leaue was forfeited in March, 1897. Tt was in part subsequently 
theREcouPE, G.M.L. 681, from which two small crushings have 
fceen recorded. The Recoupe was surrendered in April, 1904. It 
wentoally became the Recovery, G.M.L. 913, from which another 
small crushing was recorded in 1904. 

One of the Recoupe reefs runs into the uext lease west, the 
Atrblstoke, G.M.L. 326. There is a shaft on it, probably the 
30-foot shaft mentioned by Mr. Angove, on a reef one foot wide at 
fiurface, but which cut out at the bottom of the shaft. Another 
ibaft about 150 feet north-west appears to be on the main reef. It 
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had been carried down 57 feet on the underlay. There was also a 
drive north on reef, and a crosscut 55 feet. The material in the 
dump shows a little copper ore. At the south end of this lease 
there is another parallel reef with a shaft upon it. It goes into the 
next lease eastward, the Hope, G.M.L. 252, where, according to Mr. 
Angove's account, there are three shafts. No. I is 39 feet on small 
leaders. No. 2 is 40 feet on reef 20 inches wide. No. 3 is 30 feet 
on easterly underlay, with a drive on the bottom on reef one foot 
wide. There are no crushing returns from these leases. On the 
east side of the Hope was the Aubabia, G.M.L. 357. Mr. Angove 
mentions two reefs, one 18 inches, of poor quality, and one 2 feet 
6 inches on which there were two underlay shafts 41 feet and 40 
feet. There appears to have been no work done since, and there do 
not appear to have been any crushing returns. 

The table attached gives the yield of the Recoupe Reefs : — 



Tahle showing the Yield of the Recoupe Beefs. 



Tear. 


Name and No. of 
lease. 


Oss. 

dollied. 


Tons 
crushed. 


Tons 
cyanided. 


Oss. 
there- 
.from. 


Oss. from 

cruah- 

ings. 


Bemarks. 


Previoot 
to 1897 

1897 ... 
1897 

1898 ... 
Note.— It 

1903 ... 

1904 ... 
1904 
1904 ... 

1904 ... 
1904 


Three Stara, Mt. Ben- 
son. No. 2 Extended, 

^o^ 

Beoonpe, 681 

Do. 

»9 to 1902. nee i2 and 43. 
Beoonpe. 681 

Do. 

Do 

Unregistered Q.C.. 

•^ 

Becovery, 913 


8-23 
3i-68 


20-00 

36-00 
30-00 
70H)0 

150-00 
19-00 


69^)0 
15-49 


32-08 


2400 

14-00 
16-50 
33-55 

323-95 

13-80 


BeTilaqiuu 

State Battery 
State Battery 




89-91 


8S6*00 


84-48 


68-16 


4S5-80 
68-16 
39-91 






888-87 < 


>r 1-648 osa. per 

toXL 



The Kirkpatrick Reefs. 
The KiBKPATBiCK Reefs are two east and west reefs on the 
east side of the Cumberland G.M. They are each about 800 feet itt 
length, and underlay south about 35 degrees, and, moreover, have 
been tested to a depth of about 130 feet. They are small, but have 
rich pockets of ore. Slickensides are frequent in the walls of the 
reefs, whilst the quartz is more ferruginous than usual in the 
district. The reefs were occupied by the Rising Sun, G.M.L. 71, 
and the Kibkpatbick Mt. Benson, G.M.L. 614. On lease 71, ths 
Company stated that in 1901 there were four shafts, 160 feet, 134, 
feet, 60 feet, and 30 feet deep respectively, and 641 feet of drives, 
in addition to 3,982 sq. yards stoping, and had crushed 895 tons o^ 
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stone for 988ozs. A double row of quartz porphyry dykes traverses 
these leases in a north -easterly direction ; the eastern one is either 
acoompanied by a porphyry vein or it changes into [5985] porphyry 
aniilar to that occurring in the Norseman No. 1 North. The vei'tical 
shaft at the north-east corner of Q.M.L. 71 is 168 feet deep. The 
crosscuts east and west at the bottom show one quartz porphyry dyke 
to west of the shaft, and two on the eastern side. These dykes are 
pjritous, and also slightly auriferous [5966, 5967, 6120, 6121]/ 

These leases became void in July, 1903, and became in part 
Q.C. H7, and held by Messrs. Graham- and Marquand from 
September, 1903, to October, 1904; Q.C. held by Baker and 
Wooding from September, 1903, to October, 1904; Q.C. 165, 
TippERAET, held by D. E. Smith from June, 1904; and Q.C. 167, 
held by Messrs. Graham and Marquand, from October, 1904. 

The central portion is now embraced by the Cumbsbland 
East, G.M.L. 896, and also TJnreo. Q.C, held by Wooding and 
party in December, 1904. 

The details connected with the various crushings on the Kirk- 
patrick Reefs are given in tabular form in the return appended : — 

Table showing the Yield of the Kirkpatrick Reefs, 



r«r. 


' Name and No. of 
lease. 


0^ 
doUied. 


Tons 
crashed. 


Tons 
cyanided. 


Ozs. 
there- 
from. 


I 
Ozs. from 
crush. Bomarks. 
ings. 


m 


Kirkpatrick Mt. 
Benson, 614 




100-00 






88-90 


Bevilaqua 


m... 


1 Do.. 52. 71 ^. 




200-00 






297-29 




!».. 


Kirkpatrick Con- 
»>l^ted.52,71, 
< 614 




296-00 






329-68 




MO... 


Do 




816-50 






282-97 




IKl... 


Do 


... 


144-50 






115-58 




wa .. 


! Do. 






88-00 


28-81 




State Battery 


»fi .. 


Do., 62,71 ... 




18200 


.. 


... 


139-91 




B«... 


Do 






9-00 


2-34 




State Battery 


188.. 


Kirkpatrick Mt. 
Benson G.M. 614 




76-00 






29-82 




MS . 


RisingSan,71 ... 


lS-25 


28-50 






124-20 




BOI... 


1 Do 


81-00 


1800 






12-34 




UOi... 


Q.C. Wooding. 71 
, QcttrtsC]aimAl47. 




27-00 






32-60 


29-08 State B. 


MB... 




131-50 


62-50 


1984 


116-46 


State Battery 




158. 166. 107 














ttH... 


OunberlandEaot, 
8M 




101-00 






11104 


= 100-17 F. 


»M... 


Do.. 886 


7-58 










= 6-80 F. 




61-88 


1,61600 


150*50 


45*99 


1.680-19 
















45-99 
















51-83 






1,T78'01 


Dr riOOoss. 














per ton 



The Try Again Beef. 
On the east side of the Kirkpatrick Mt. Benson was the Try 
Aoinr, G.M.L. 159, the reef in which may be a continuation of the 
Johnson's reef. Mr. Angove mentions three shafts, 60 feet deep^ 
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40 feet and 25 feet on the underlay, the first two are connected at 
SO-feet level. The width of the reef varies from 15 inches to 2 feet. 
A small crushing from here yielded |oz. to the ton, and is included 
in the returns from the Union Eeef. 

The Union Beefs. 

The Union Reefs are parallel reefs, three and perhaps four in 
number, having a st^ep underlay to the north similarly to the John 
Bull reef, of which they are probably a continuation. The reefs are 
mostly one foot wide and carry good values, with formation on the 
walls; they trend south-east. The Union, G.M.L. 114, was held by 
an Adelaide Company. The main shaft is on the footwall side of 
the main reef, vertical, and carried down to a depth of 129 feet 
Mr. Catlin states that at 30-feet level drives go 70 feet north-west 
and 55 feet south-east, with some stoping ; at 75 feet level drives go 
50 feet north-west and 20 feet south-east, also a crosscut north-east 
for 125 feet, communicating with the workings on the next reef, 
whei-e the principal shaft is 80 feet deep, with drives at 30-feet level, 
60 feet west and 50 feet east ; also at 70-feet level drives go east 50 
feet and west 45 feet. Another shaft 150 feet further west is 70 
feet, the bottom being in quartz. The lease became void in October, 

1899, and was subsequently in part the Union Jack, G.M.L. 812, 
which was voided in July, 1903 ; it subsequently became in part 
Eablt Dawn, G.M.L. 888, and having been surrendered in 
February, 1904, it eventually in part Gumbbeland Extended, 
G.M.L. 925. It is now Cumberland Extended, G.M.L. 934. 
There was also here Q.C. 56, held by A. E. Pike for five months in 

1900, and Q.C. ^4, held by H. Pike from September, 1900, to 
January, 1904. The few crushings from the Union Eeef are 
recorded below. 



Table shoioifig the Yield of the Union Eeefs. 



Year. 


Name and No. of 
lease. 


Ozs. 
doUied. 


Tons 
oruBhed. 


Tons 
cyanided. 


Ox. 
there- 
from. 


Ox. from 
cmiih- Bemarks. 
inflrs. 


1996... 

1897... 
1898 .. 
1899... 
1900... 
1901... 
1902... 


Try Again 159 ... 
Union 114 

Do 

Do 

Union Jack 812... 

Do 

Do 




31-90 
28900 
196-00 
834-00 

89-00 
276-00 
128-00 






1700 
207-45 

50 35 
152-80 
120-97 
81217 
114-46 


BeTilaqua. 






1843-90 


... ! ... 


g76i» 


or-7KoEs,per 
ton. 



The Eadince Beef. 

On the east side of the Union was the Kadincu, G.M.L. 202, 

in which there are three or four small east and west reefs underlying 

south from 70 to 80 degrees. The southernmost one is quartz and 

ironstone. Mr. Angove stated that three shafts here were 40 feet 



r 
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ttfii; the stone is said to yield fair valaes. The lease was void in 
Ibanber, 1897, but some recent work has been done there, but 
^ do not appear to have been any returns therefrom. 

The Wilgena Beef. 

Half a-mile due south from Cumberland East, G.M.L. 896, 
tliereare two reefs on the north foot of the Woolyenyer ridge, strike 
Dvrth-east, underlay south 70 degrees, on whicn there are three 
iiafti Tlie width of quartz is about 18 inches, and has a good 
4PF«rance. This is probably the site of Q.C. Wilgena, from which 
fowag a crushing at the State Battery. 

Table showing the Yield of the Wilgena Reef. 



Tear. Kanue and No. of leaae. 



i Ore 
treated. 



Gold 
therefrom. 



Bemarks. 



^ :. Q.C. Wilgena ... 
^... Do. 

I 

Total ... 



tonB. 

2000 

60U 



OS8. 

400 
1-30 



2600 



5-30 



State Battery 
Do. 

orliOiozs.perton 



The Lucky Shot Beef. 

One mile south-westerly from the Cumberland G.M., on the 
fc'rtfa spur of Mt. Woolyenyer. near a quartz porphyry dyke, there 
Silarge outcrop of white quartz, trending north-east and south- 
»tst, underlaying 55 degrees north-west, on which there wus a 
•^ft and open cut. This was the site of the Lucky Shot, G.M.L. 
^l There are two small prospecting shafts about eight chains 
*«rth-ea8terly from the other one. 

The Virginia Beef. 

On the south side was the Virginia, G.M.L. 520, of 12 acres, 
»We there is an east and west reef underlaying south about 70 
«;?ree8, on which there are two shafts. Q.C. 10 was here subse- 
fJentljheld by James Birrell; was abandoned in January, 1899. 

Table showing the Yield of Virginia Beef 



Ten. 



Name of lease. 



Q.C, 10 



Ore 
treated. 



Gold 
therefrom. 



Bemarks. 



tons. 

8^ 



OZB. 

3*94 



or'486oz8.perton 
Stat« Battery 



The Norse ftneen Reef. 
Half a mile south-west from here was the Nossb Qubbn, 
6.M.L 303, at the 122-Mile Peg on the Esperance to Coolgardie 
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Boad. There is here a north and south reef about three feet wide ; 
only a small trench has been made on it. 

The Norseman Empress Beef. 

On the east side was the Norseman Empress, G.M.L. 452, in 
which there is a I'eef outcropping on the south side of a quartz 
porphyry dyke. The reef trwida north-east and south-west and 
underlays 75 degrees southerly. 

The Mount Kirk Reef. 

Southward of this the amphibolite country rock and all the 
outcrops are hidden by surface accumulations on the flat that 
extends westerly for a mile and a half to the blown sand 
ridges bordering the west side of Lake Kirk. The edge of the 
lake around a small hill there on the telegraph line shows a flat 
rocky floor which can be seen to be seamed by numerous quartz 
veins all trending in a north-easterly and south-westerly direction. 
A few also occur on the similar rocky floor on the west side of the 
lake with the same direction, but the bulk of the quai-tz in this 
part follows four lines of ferruginous and sulphide lodes that 
appear with banded quartzites, having a bearing slightly west of 
north. These all underlie to the west from 45 to 75 degrees. The 
quartz reefs range occasionally up to about 2 feet 6 inches wide and 
are slightly ferruginous. The quartzites are a few feet wide only 
on the first three lines, as far westerly as the Italia, but the fourth 
is five or six chains wide, and having resisted denudation, it forms 
the steep hill, Mt. Eirk, on which the leases 532, Norseman Pro- 
prietary AND 562, Mt. Bugged were situated. 

All the original leases became extinct by the end of the year 
1897. Two were taken up again, the Italia, G.M.L. 165, became the 
Italia, 567, and Mt. Eirk, G.M.L. 182 became the Eibkpat&ick 
Mt. Eire, G.M.L. 554. These became extinct in February, 1899, and 
December, 1897, respectively. Almost all, except the two most westerly 
leases have had at least two prospecting shafts, mostly sunk on the 
underlay, but no particulars of the workings have been recerded, 
and they were inaccessible at the time of the geographical survey. 
There appears to be only a single crushing recorded from this part, 
and there are no signs of any ore having been carted away, but I 
heard that sundry parcels of ore taken from some of the paddocks 
at the dumps have yielded half ounce to the ton. The great expense 
of carting appears to have stopped operations. 





Table showing the Yield of the Mt Kirk 


Beef. 


Year. ' Name and Mo. of leaae. 

1 


Ore treated. 


Gold 
therefrom. 


Remarks. 


1897 ... 


tonn. 1 ozft. 
Mt. Kirk, 132 5*00 > "90 

1 


orl80o«s. per ton 
Bevilaqxia 
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Retorniog now to the north end of the next line of reefs, near 
tiieDorth end of the area mapped. 



^6 Eden Park Beef. 

of banded quartzite and ironstone commence near the 
iMth side of the norite belt. Half a mile south they form three 
^. The western one contains the Edbn Park Rekf that 
iw«p8 round diagonally from the central ridge south-westerly to a 
Bcjth and south course; the northeru end underlays easterly 
'0 degrees, as does also another parallel but more broken vein a 
fetfhaina westerly. The south end underlays to the west. There 
«?re here four leases held by the Eden Park G.M. Co. — Edbn 
PAii,a.M.L. 133; Eden Park No. 1 South. G.M.L. 134; Eden 
Pask South Extended, G.M.L. 176; and Howestakb, G.M.L. 
l@i-of a total area of a little over 49 acres. In these leases a 
sflmber of underlay shafts were sunk 100 feet and less with drives. 
Ir. Angove states that the quartz ranged from 2 feet 6 inches 
to 4 feet in thickness. There are no returns of crushings, and the 
loses were all void by the end of the year 1898. G.M.L. 133 
fem€ in part the Welcome, G.M.L. 732, and was subsequently 
QC 120. Last Chance, held by D. C. Nieman, and later the 
^SLcoHE, G.M.L. 918. Half a mile south this line of quartzites 
Wd€8 and pinches out towards the valley crossing the range, where 
fc Israelite Bay track is, but re-appears on the south side. 

Table showing the Yield of the Eden Park Beef. 



r«. 


Hame and No. 
of lease. 


0<B. 

DoUied. 


Tone 
cnuhed. 


Tons 
cjauided. 


Cm. 
thoro- 
from. 


Om. from 
cnuh- 


Bemarks. 


IK 

m.. 

INI 


Welcome 732 ... 

Do. 

Do, 
Q.c.iao 


V20 


46-75 

106-00 

12-00 

21-00 




16-00 
97-65 
4-80 
9-60 


BeTUaqna 

State Batterj 
Do. 




!•» 


186-76 


1 
1 


127-01 
1-20 










12824 


or aeOozs. per 
ton 



The ftueen of the West Beef. 

On the middle line of quartzite and ironstone ridge about half 
imile south of the Eden Park, was the Whiteman, G.M.L. 549, 
«f 24 acres, where a shaft is sunk on the top of the ridge on a small 
qoartz vein. South of this was the Milduea No. 4, G.M.L. 392, 
«» which a shaft 75 feet deep was made, when water stopped 
tather sinking. The lease subsequently became Queen of the West, 
^.H.L. 529, and was forfeited in May, and was subsequently Qitebn 
OF THE West Noeth, G.M.L. 628, which was voided in 1899. 



I 
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Leases 549 and 628 were subsequently Little Jim No. 1 North, 
G.M.L. 788, and Little Jim, G.M.L. 786. Both, however, were 
withdrawn in December, 1899.. At the south end of the latter 
several shafts have been sunk 80 feet and less on some quartz 
leaders at the head of the Queen of the Vost gully, where some 
alluvial ^Id had been found. The banded quartzite divides into 
two lines about here. South of these shafts was the Queen of the 
West, G.M.L. 390. The original prospectors, Messrs. Pugsley and 
Kelly, found a nugget of several hundred ounces of gold, it is said, 
only eiirht inches below the suiface on the brow of the hill, near the 
original underlay shaft, where there are two very short east and 
west ferruginous quartz reefs. This shaft meets a vertical shaft to 
the south at a depth of about 70 feet, and follows the soutli underlay 
of the reef 85 feet beyond, when a north and south quartz vein 
was met vnth, but then so much salt water came in as to stop 
operations. The workings were inaccessible, but I am informed 
that at 55 feet a drive goes east 10 feet and west 45 feet ; at both 
ends the quartz cuts out in quartzite crossing it. The reef wa^ oue 
foot wide, pinching out in places, and carrying rich gold. Another 
shaft about one and a half chains north of this was put down 76 
feet. At 50-feet level a crosscut was taken west for 96 feet to 
ironstone. At 76 feet a crosscut was put it east for 112 feet, 
cutting a north and south reef, two feet wide of poor value. The 
lease ceased to exist in 1900; portions of the nctrth end were 
subsequently held as Q.C. 82 and Q.C. 83 by Messrs Casey and 
Dobbie up to January, 1904. 

Full details of such of the crushings from the Queen of the 
West Reef as have been recorded are given below. 



1 


rable showing the Yield of the Queen of the West 


Beefs. 


Year. 


Name and No. 
ofloaae. 


Oss. 
Dollied. 


Tons 
croBhed. 


Tom 
cyaaided. 


0«8. 

there- 
from. 


Oza.trom 
crush- 
inge. 


BemarkB. 


1897... 
1898... 

1880... 

1889... 


Milduia, 801 ... 
Qaeen of the 

West. 380 
Qoeen of the 

West, 880 
Little Jim, 796 ... 


2-00 
16-56 


20r00 
119-00 


... 


... , 16-50 
25&-S8 


BeTilaqna 




18*56 


UOOO 




... 


271*88 
18-56 






M-Ui 


or SIWOosB. pel 
ton. 



The Mary Cater Reef. 

On the east line of banded quartzites and ironstones was tb< 
Mabt Catbb, G.M.L. 402. Mr. Angove states that a shaft wa^ 
sunk 30 feet and a crosscut made 25 feet west to banded ironstone 
and then 8 feet on underlay. This is probably the shaft on th< 
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klladeaboot 200 feet north of the gruUy. The well is an underlay 
M, 157 feet deep, near the gidlj ; it yielded at first 250 gallons 
pff boor but has lessened since; th^ water has been used for stock 
kmimj years; an analysis of this is given in Table 1. Another 
•laft near the north boundary is 22 feet. It was declared that 500 
{eEtdn^g and 270 feet driying was done on this and the adjacent 
^ at an expenditure of J61, 500, but there are no returns from 
tie property. The lease subsequently became in part W.R. 160, 
Jtnedbj the Princess Royal G.M. and Mr. R. Pack. 

Some alluYial gold has been found in the gully here. South of 
t^oriiifbal lease a larger gully runs south, in which there has 
^ a large amount of alluvial working ; the depth of ground in 
^ was deep enough for driving headings. Where the valley 
iatbe^ the silicification of the sandstones has stopped, but their 
fe can be traced for three-quarters of a mile southwards 
3H4 55W]. The two gullies between this and the Queen of the 
^«t gully have also been auriferous. Several shafts have been 
*ak on the edge of the flat here, 25 feet or more deep, to try for a 
^^ bottom, but have penetrated decomposed metamorphic 
■fi^one all the way. 

The Mildnra Beef. 

To the south of the Queen of the West was the Mildura, 
6AL. 391. An underlay shaft has been sunk 36 feet on a north 
^ south reef, about four feet wide, according to Mr. Angove, 
'^ it is said showed fair prospects, but the great influx of salt 
•«ter stopped operations and it was forfeited in 1896. See return. 



The Bon Accord Beef. 

South of this two lines of banded quartzite and ironstone are 
^ seen at intervals, covered also in places by ironstone 
•figlomerate. The leases that have been here do not require any 
¥o^ notice until the Bon Acoobd Reef is reached ; it is an east 
^west reef, underlaying steeply south. 

TheBoH AccoBD, Q.M.L. 95, was here, and a considerable 
•<TOnt of work has been done. This lease was void in May, 1897 ; 
[JM subsequently Bon Accord, G.M.L. 623, held by the Bon 
^«i G.M. Co. It was forfeited in November, 1898 ; subse- 
*itly Q.Cs. 18 and 19, held by Veal and Williams, were taken 
^on it and held until January, 1899, when the ground was 
Jjbraced by the Bon Acoobd, G.M.L. 730, which was renumbered 
«»AccoBD, G.M.L. 734. A shaft has been sunk 180 feet on the 
^ underlay of a short east and west reef, which is here five feet 
jfejWitha drive at 100-feet level west to the banded quartzite. 
1^ the reef thins out or else the main body has been missed. 
b a shaft 50 feet within a couple of chains to the west, with 
'^ of 25 feet and 30 feet east and west. An open cut has been 
^ near the top of the ridge, also a shaft 40 feet with a drive 



40 feet east. Subsequeatlj an unregistered Q.C., held bj J. Smith, 
was taken up at end of the year 1904. On the east side was the 
Golden Gxtllt, O.M.L. 328. . 

The Bon Accord reef, as may be seen b^ a reference to the 
table below, which gives such details as are ayailable, has returned a 
little over an ounce to the ton : — 





Table showing the Yield of the Bon Accord Beef. 


Year. 


Name and No. 
of lease. 


Dollied. 
0x8. 


Tom 
crashed. 

t 


Tons ^■■' 


OsB.feom 
orash- 
faus. 


Bemarks. 


18d8 . 
1898... 
1890... 
1899 .. 


9.C.I8 

Q.C. 19 

Bon Aooord,730.. 
Do, 734... 


5H» 


I-IO 

3775 
134-00 


... 


... 


18-22 

57-18 
108-90 








5*00 


mm 






184*25 
5*80 






UO-norlHOBoss. per 
ton. 



The Belmont Beef. 

There have been alluvial gold workings in the guUj north of 
these leases and also in the one south of it. South of the above 
lease was No. 1 South Bon Aooobd, G.M.L. 125, which was 
forfeited iu May, 1897, and subsequently became Bon Acoobd 
South, G.M.L. 624, held by the Bon Accord G.M. Co., who sank 
several shafts ; but no particulars are available r^;arding them. 

South of this was the Mount Acoobd, G.M.L. 439, which 
eventually became the Belmont, G.M.L. 789. There is scarcely any 
distinguishable reef at the surface, but two vertical shafts were sunk 
on the ridge. Q.C. 163, held by Christians and party in 1904, 
embraced part of the lease. The following figures give the details 
regarding the yield of the Belmont Reef : — 



Year. 



1899 
1900 
1904 



Table showing the Yield of the Belmont Beef 



Name snd No. of 



Belmont, 789 

Do. 
Q.C. les ... 



Dollied , 
ois. I 



20-77 
25-63 



Ore 
treated. 



600 
18-50 



46*40 24*60 




= 21-59 F. 



1091M orOT94oz8.perton. 



f 



99 

The Albuy Beef. 

All the gullies running easterly from the Bon Accord to the 
Nanacoorte GuUj have been worked by alluyial miners, showing 
tiat there must be a considerable amount of gold distributed 
tbogfaont the lines of banded quartzites and iron8tx)nes. On the 
n^ about 10 chains south-west of the Belmont was the Albany, 
6M.L 105, of 12 acres, in which Mr. Angove states an adit was 
^liveD 95 feet into the east face of the hill, and a shaft near by was 
^ 8unk on its underlay 30 feet. The reef is three feet wide. 



The Welcome Beef. 

Half a mile south was the Welcome, G.M.L. 403. There is a 
Kf b^ne 20 inches wide, it underlays east. A few shallow pits were 
^ cm it, 24 feet, 12 feet, and 8 feet, according to Mr. Angove. It 
jjcameToid in November, 1898, and subsequentlv Q.C. 158, held by 
n. Fitzgerald and Hans from a short period in 1904, when it 
Be QusBN Alexandra, O.M.L. 923. Two shafts were sunk 
Aart 70 feet each on this reef. The original ferruginous formation 
^ been converted into a tough ironstone nodules cement at 30 feet 
^; Ae influx of surface water has been sufficient to form 
•taction zones, causing the cement to form into horizontally 
Uded nodules. This is shown in accompanying sketch : — 

Fig. 16. 




/ ,mtl 






CHOM esetlON or shaft at the qusbn Alexandra 
Q . M . L . eas. 
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The details regarding the yield of the Welcome Reef are given 
in full in the table below : — 

Table shomng the Yield of the Welcome Beef. 



mn ... 
laee... 

1904... 
1904 .. 
1904... 


Welcome, 403 ... 

Do 

Q.C.159 

Do 

Queen Alexandra, 
923 

Do 


35-00 


4675 

"5-50 

8-50 


"i-oo 

6-00 


'•64 
2-96 


15-00 
'"5-91 
1910 


State Batter7 

= 4-86F. 
State Battery 
= 1573 P. 

Stat« Battery 




8600 


0D75 


10-00 


300 


3001 
3-er) 
35 00 






68-01 or 


ll»o«a.per 
ton. 



The La Mascotie Bee! 

The Eden Park line of banded quartzite and' ironstone 
reappears on the south side of the Israelite Bay track, where La. 
Mascotte, G.M.L. 441, was situated. A shaft was sunk 45 feet 
on a reef here with a crosscut 35 feet east, according to Mr. 
Angove, and which I was told showed good prospects. It was 
forfeited in 1896. 

The Norseman Star Beef. 

In the next lease southerly, the Nobsemak Stab Nobth, G.M.L, 
398, the same reef probably outcrops on the ridge, where there is a 
shaft sunk on some good-looking quartz [5003], which is also said to 
have shown fair values. South of this again was the Nobseman Stab, 
G.M.L. 397, where there is another red, underlaying east, on whidi 
there are two shafts ; there is a shaft also at the north end of the 
lease, the dump of which is wholly composed of ferruginous kaolin. 
South of this again is the Nobseman Stab South, G.M.L. 445, 
which has a shaft on the westerly underlay of a vein of which there 
are no particulars obtainable. 



The Wheel Beef. 

The next few old leases appear not to require any special 
comment until the New Chum, G.M.L. 73, is reached, in which Mr. 
Angove states there was, in 1896, a vertical shaft 40 feet. This is 
apparently on the Wheel Beev, which extends for 1,000 feet 
through several leases southerly, underlaying west with the meta- 
morphic sandstone and quartzite. The lease was forfeited in 1897, 
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and was subsequentlj Nbw Chum, G.M.L. 639 ; later it became in 
part Wheel Kobth, G.M.L. 823. The next lease southerly was the 
Flounce, O.M.L. 122, of 12 acres. Mr. Angove states that an 
underlay shaft was sunk 80 feet on the above-mentioned reef, and 
that it was 8 feet wide ; and also a vertical shaft of 34 feet. Subse- 
quentlj the Florence became in part the Whbbl, G.M.L. 822, when 
ago>d deal of work was done along this reef. Q.C. 135, which has 
b^o held by Daniels and party since July, 1903, also ttnrboisterbd 
Q.C., held by Phillips and party in December, 1904, occupied 
portions of this ground. 

Such details as are obtainable as to the yield of the Wheel 
Beef are given below in tabular form : — 





Table showing 


the Yield of the Wheel Beef. 




Tear. 


Name and No. 
ofleaae. 


OzB. 
doUied. 


Tonii 
crashed. 


Tone 
oyanided. 


0>B. 

there- 
from. 


Os«. from 
enuih- 
inge. 


Bemarke. 


m.. 
m.. 
m... 
m.. 

afi... 

•B. 
■B... 

aw... 

HM.. 


New Chum, 830... 

Do. 

Wheel North, 823 
Wheel, 8S2 

Do 

Do 

Do 

UnreguteredQ.C., 

Oownej 
aC. 136 

FhOliiM 
Do 


5*05 


975 
6-00 
500 
5-00 
61-00 
700 

16-00 

44-50 

16-50 


"i-00 

'*7-00 
9-00 


■'•56 

"•96 
1-77 


I'OO 
170 
1-37 
17-88 
70-10 
4-68 

"i-w 

12-96 
11-92 


BeTilaqna 

State Battery 
Do. 

Do. 
Do. 

- 1052 F. 

» 4-56 F. 




6-96 


17D"75 


aoDo 


8*89 


113 48 
322 
5^95 






ia-72 


or^718o«B. per 
ton. 



The United Miners' Beef. 

Half a-mile south of this was the Daisy, G.M.L. 79, which 
sobsequently became the United Minebs, G.M.L. 127, but locally 
kflown as the Erl King. An adit has been driven here easterly 
1^6 feet into the banded ironstone, with occasional quartz leaders ; 
*isoa shaft, which Mr. Angove states is 85 feet on easterly underlay 
»od another 93 feet similar, with a drive 60 feet north and south. 
Ike lease became subsequently in part Q.C. 17, held by R, 
Stevenson, until March, 1899. On the east side of the Daisy the 
^LDBN King, G.M.L. 333, had a brief existence, and became in part 
tfe Ebbfton, G.M.L. 833. Part of G.M.L. 333 was subsequently 
^eNoBSBMAN Rose, G.M.L. 916. 
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The detailB of the United Miners' Beef are given in tabular 
form below: — 



Tahle showing the Yield of the United Miners* Beef, 



Year. 



Name and No. 
ofl 



iDoUied. 



Tons 
oruahed. 



I Ou. 



Tons 



Oss. from 
crush- 
ings. 



BemarkA. 



18&7. 
1899. 
1900. 
1901. 



United Miners, 

127 
Unregistered Q.C., 

Faerie 
Do. 

Unregistered Q.C. 





•50 






•85 




2400 






17-50 




3'»-00 






17-45 




13-00 






1-90 




66-60 






S7M< 



BevalaquA 

Norsem an 
Q.M. 



ton. 



The Narracoorte Beef. 

Soath of this is the Nabbacoobte. G.M.L. 161, which was held 
by the St. Agnes GM. Co. There is a shaft 130 feet ou the west 
underlay of a reef in the quartzite and ironstone. Two other shafts 
on the west side of the lease are down 100 feet on a quartz reef 
underlaying east at a flat angle. At the end of the year 1898 the 
company stated that there were 800 feet of drives in the mine. 
The reef is said to have been 2 feet wide ; a drive at the 100-feet 
level connects the two shafts ; there is also a drive south 200 feet ; 
stoping also has been done, but I am not able to say how much. 
The crushing was evidently done at the St. Agnes Go's, battery, and 
there is no separate record of the results from this reef. The 
Narracoorte Gully passes through this lease. Both the watercourse 
and the flat adjacent to it have been worked by alluvial miners. 
Occasionally nuggets of several pennyweights were obtained. 



The Tarpeena Beef. 

South of this was the Tabpebna, G.M.L. 192. A shaft was 
sunk on tiie banded ironstone to a depth, according to Mr. Angove, 
of 70 feet, and a crosscut made 40 feet, with a drive of 30 feet, on a 
reef which does not outcrop. There are also three other minor 
shafts. The ground was forfeited in 1897 and then became the 
Tarpeena, G.M.L. 661, which, having been withdrawn in 1897. 
subsequently l)ecAme the Tarpeena, G.M.L. 906, when a new shaft 
was sunk close to the other on a small cross vein showing on tho 
surface underlaying south, accompanied by an ironstone cement, 
which latter is probably only an altered ferruginous formation, and 
the other shaft was filled with mullock from the new one. 
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The details of the cruBhings from these reefs are given below : — 

Table shotcing the Yield of the Narraeoorte and Tarpeena Beefs. 



rear. 


NUMBOdNo. 

ofleaM. 


OSB. 

dollied. 


Tone 
crushed. 


Tons 
oyuiided. 

'64*88 


Oss. 
there- 
ftrom* 


Os8.nom 
cnuh- 
ings. 


Bemarks. 


m... 

1904.. 

5S: 


Narraeoorte. 161 
Tu-peena, 906 ... 

Do! ::: 

TwoJaBe.910 ... 
nmreff.Q.C.,Gamp- 


2^ 

ffi-fiO 
6-14 


as-00 

80-50 


aok)8 


6*65 
66-09 


State Battery 
- 57*18 F. 
-1*86F. 
State Battery 

20*19 F. 
= 5*62 F. 




80*84 


118-80 


6488 


80D6 


7274 

aooR 

90*84 




i 




188*66 


or 11880OZB. 
per ton. 



The Lord Hopetoim Beef. 

On the west side of the last line of banded quartzites and 
ironstone is another line commencing on the fiat opposite to the 
HoBSBMAN Stab South, G.M.L. 445. On this was the Gaeat 
Bonanza, G.M.L. 560, of 12 acres. One shaft was sunk on the 
east side of the ironstone. 

South of this was the Moonlight, G.M.L. 280. A shaft was 
niflk here on a reef on the west side. The lease was forfeited in 
Kovember, 1896. It eventually became the Moonlight, G.M.L. 
596, which, having been surrendered in May, 1898, gave place in 
part to W.R. 145. 

South again was the Lone Stab, G.M.L. 80, which subsequently 
^me the Caledonia, G.M.L. 313. At this period Mr. Angove 
itatef; that one vertical shaft was sunk in the ironstone 60 feet, with 
» drive 15 feet on a reef five feet wide. The Caledonia was for- 
feited at the close of 1896, and subsequently became the Gbeat 
Baerieb G.M.L. 606, which ceased to exist in 1898. G.M.Ls. 
596 AND 606 were subsequently the Hobseshoe, G.M.L. 844. 
The banded quartzite here becomes a double line. South again was 
tbe Red, White, and Blue, G.M L. 59. The principal shafts 
»erp one of 70 feet, with a crosscut 25 feet to lode and another 
^ft 40 feet (HI underlay south of a cross reef. 

South of this was the Mignon, G.M.L. 78, which has a shaft 
50 feet sunk on a cross reef underlaying south, and a vertical 70-feet 
•Uft near the south-west corner of lease. These two last were 
^bsequently part of the Stab, G.M.L. 835, which was amalgamated 
»ith the Stab South, G.M.L. 843. in October, 1901. The latter was 
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surrendered in March, 1902, and the former was void in April of 
that year, and became subsequently in part the Yale North, 
G.M.L. 867. Portions of 867 and 885 became siibsequently the 
Amy Castles, G.M.L. 917. On the west boundary of leases 280 
and 835 are outcrops of reef on which some shafts have been sunk, 
but which do not appear to be auriferous ; they may be a northerly 
continuation of the outlying reef that extends south from the 
Broomehill, which is described after the St. Alban*s reef. 

South of this was the Ohbistmas Gift, G.M.L. 64, of 24 acres. 
The holders of this lease put in an adit 30 feet easterly into the 
ironstone, and sank a shaft on the hill 90 feet on a reef 18 inches 
wide, with an underlay of 65 degrees to west — the reef was said to 
carry very good gold, this was probably part of the Lord Hopetoun 
Beef — also another shaft 60 feet on the west side of the lease. 

South of this was the Leviathan South, G.M.L. 87, where a 
shaft was sunk 60 feet on the west side of the lease. This having 
been forfeited in 1895, subsequently became the Leviathan South, 
G.M.L. 453, and afterwards, in part, Bbaesidb, G.M.L. 854. This 
latter was surrendered ; subsequently a part of it was embraced by 
Q.C. 149. held by Mr. Mountford. G.M.L. 64 became subsequently 
in part the Edinbubgh Castle, G.M.L. 686, held by the new 
Queensland Norseman G.M. Co. They utilised the previous Christ- 
mas Gift shafts and made the main shaft 180 feet ; the middle shaft 
70 feet, and the north shaft 40 feet. The main shaft had short 
drives at 60 feet, 80 feet, and 100 feet. Th« Company had a three- 
head battery here. The lease was forfeited and subsequently 
became the Absent Minded Begoab, G.M.L. 811, but which was 
withdrawn in 1900, and part was applied for in April as the Lord 
Hopetoun, G.M.L. 819 ; subsequently in part Q.C. 70, held by 
S. McGonnigal up to March, 1901. The Q.C. Blowfly was here 
held by Messrs. Taylor and Fowler. The ground was applied for 
in 1901 as the Lobd Hopetoun, G.M.L. 839, and was forfeited in 
February, 1902. The Lobd Hopetoun, G.M.L. 858, was applied 
for in May, 1902. The mine was then opened up afresh ; the maia 
shaft which had been half filled up was being cleared out at the 
time of my inspection, and stoping at the 80 feet level north of the 
shaft was in progress, whilst south of the shaft from the 50 feet 
level the reef has been stoped out to the surface. The remainder 
of the G.M.L. 819 not occupied by 858, became the Lobd Hopb- 
TOUN Extended, G.M.L. 924. The northern portions of G.M.L. 
686 and portion of G.M.L. 78 became Q.C. 71, The Comet, held by 
T. J. Earle up to March, 1902 ; this mis north of the Lord Hope- 
toun shaft ; it was mei-ged into the Vale, G.M.L. 838. A shaft is 
here down 180 feet. This subsequently was the Admibal Tooo, 
G.M.L. 919, which later on was in part the Alma, G.M.L. 940, and 
is still in force (Fig. 17). 

Portion of G.M.L. 835 and G.M.L. 843 became the Valb 
NoBTH, G.M.L. 867. 




Q 
i 
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The various details obtainable regarding the Lord Hapeti^un 
Keef are given in tabular form in the return below ; — 





Tctble shotffing 


the Yield of the Lord Eopeioun Meef. 


Y«*r 


Name and No. of 
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St. Alban's Reef. 
The line of reef outcrops that are along this line of banded 
qoartzites at interyals from south of the Leviathan South to tlie 
Narracoorte, a distance of half a mile, is here deisigiiatod the St. 
A 1 ban's Reef. It underlays to the east and show a a strong body 
of stone at the Hit or Miss, where it has been t^^st*^! to a vertical 
depth of 100 feet, and also probably to the same depth iu the 
Narracoorte. 

On this line of country was the St. Albans, G.M.L.. 55. Mr. 
A gove states that this was the first lease taken up on this line of 
ir istone country, and that four shafts were aiink* No. 1 vertical 
4i 'eet, with drive north-east, at bottom 35 feet long, No. 2, 30 fe€»t 
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on westerly underlay of a reef 15 inches wide, with ferru^nous quartz 
and ironstone. Nos. 3 and 4, 60 feet each, ditto on a Tery white 
quartz reef 2 feet wide. The St. Albans subsequently became 
Q.C. 154,OoLDEx Bug, held by Messrs. Eirwan and Daniels for two 
mouths in 1904, and later Q.C. 160, Golden Bug, held by Steiss and 
Miller from April to September, 1904. These were on two east and 
weRt veins of quartz underlying 85 d^^rees to south, width 18 inches, 
both low grade stone. South of this was the St. Albans No. 1 
South, G.M.L. 61. Mr. Angove states that the adit which had 
been driven into the hill easterly 200 feet, gave very good prospects. 
At 100 feet from the mouth, there is an ironstone formation under- 
lying 70 degrees to west on which there is a short drive. There 
are also too shafts of 30 feet and 31 feet depth. Part of the 
ground was subsequently known as the Wbstralia Lo^g Tunnei^, 
G.M.L. 820, whilst later the Bandit Kino, G.M.L. 837, occupied 
portions of it and the United Miners, G.M.L. 127, already men- 
tioned. Subsequently in part it became Q.C. 139 and Q.C. 130 
held by Hann and party until December 1903. 

On the last line of leases a strong body of quartz was opened 
up, underlaying east 52 degrees, by two shafts 150 feet each, and 
another to the north of these 75 feet with drives and sloping. The 
oxidised rock on the west side of the outcrop has also yielded some 
good patches of gold [jiOfi?]- It subsequently became Unbeg. Q.C. 
held by J. Young, whilst a portion became Q.C. 154, held by 
Kirwan and party, and eventually they became the Hit or Miss, 
G.M.L. 863, and were still in force at the time of writing. 

,The St. Albans Beef crushings are given in detail below : — 





Tahh shovnng the yield of the 8t. Alban's Beef. 
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The Ziegler'8 Find and adjacent Lodes. 

The line of banded quartzites and ironstone west of the Hit or 
Hiss pinches out suddenly, and for half-a-mile southward is 
represented only by some narrow patches, but makes again strongly 
bejond that point, with a large quartz reef near its western mai^n. 

About 15 chains west of the St. Alban's, there is another north 
and south reef, which has a very broken continuity for upwards of 
two miles along the western side of the western ridge of the banded 
qn&rtzites; it underlays west; there are no crushings recorded 
from it. The depths of the shafts, as obtained from Mr. Angove's 
report, are as follows : — The northern end appears in the Bboohe 
Hiu, (7.M.L. 894, where there are two small shafts 20 feet and 
10 feet on the underlay. In the next lease to the south is St. 
Alban's West, G.M.L. 448. It appears as two parallel reefs 
trending south-easterly, the course being apparently deflected by 
the presence of a quartz porphyry dyke that occurs to the south of 
the two principal shafts. In October, 1896, the owners declared 
tbat there were four shafts, 106 feet, 55 feet, 27 feet, and 25 feet 



Next south is the Albert Edward, G.M.L. 331. There, were 
two shafts, one 30 feet on a reef one foot thick, the other 35 feet on 
a peef four feet wide. 

Next south is the Mt. Gambibr, G.M.L. 384, where the reef 
outcrops in a huge mass of very white quartz, underlying 55 
<iegree west. A shaft 40 feet has been sunk near its western side, 
&Qd another 6 chains north-westerly on a small reef. 

Next south is the Blue Ensign, G.M.L. 372, in which the reef 
again outcrops. There are two shafts, 50 feet and 10 feet. Mr. 
Angove states that the reef is 4 feet wide in the former. All these 
leases were void in December, 1897. 

Next south is the Holstein North, G.M.L. 510. There are 
two parallel reefs here to the northward of the Norseman to 
Government tank road. A shaft has been sunk on the underlay of 
«acli reef. The quartz has a dark, clouded-blue tint. 

In Block 512, about a quarter of a mile farther south, the reef 
^in appears, and four shafts have been sunk on it, but no details 
are available. 

Half-a-mile farther south, several shafts have been sunk on 
the reef at the south end of the Lady Bella South, G.M.L. 766, 
^i DO details are available; also in McDonough's Find, G.M.L. 
^, occupying the junction of the ridge forming the watershed to 
Qorth and south with the westernmost of the banded ironstone and 
^laartzite ridges. There appear to be two reefs, at least here, on 
vhich shafts have been sunk ; one is on the western margin of the 
^ded formation underlying 62 degrees to west. 
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South of this was the Pi&ib Wbst, G.M.L. 345, which was 
forfeited in Maj, 1896 ; it was known as the Pine 'West, 
G.M.L. 640. 

South of this was Holstein No. 1 North, G.M.L. 222. A 
shaft is here on another outcrop of the same reef, at the south end 
of this lease. 

From here to the W.R.'s 127, 181, 159, at Sawpit Gully, a 
distance of three-quarters of a mile, there were seTeral leases in 
which some shafts were sunk on these westerly lying reefs without 
success. The south-east comer of Block 512,* alluded to above, 
adjoining the New Ybab's Gift, G.M.L. 406, wa^ void ia 
December, 1897, and subsequently became the Ladt Bella North, 
G.M.L. 765, and Ladt Bella, G.M.L. 764. In each of these a 
shaft was sunk and an adit was commenced; no details are 
available of the former. The accompanying Fig. 18 shows the 
convolutions of the ferruginous bands in this formation. Both 

Pia. 18. 




DE00MP08E0 BANDED QUARTZfTE AND IRONSTONE . LADY BELLA NrQM.L.786. 

leases were forfeited in August, 1901. Q.C. 159, was taken up 
hei-e by 0*Leary and Howell in 1904. 

South of this was the Britannia, G.M.L. 518, which was 
subsequently in part. Ladt Bella South, G.M.L. 706. Four 
shafts were sunk here on the underlay on a reef on the east 
boundary, also two near the south-west comer, which have been 
already alluded to. The lease became subsequently in part 
ZiEQLEB*8 Find, G.M.L. 907, and is still in force. The workings 
comprise open cuts and shallow shafts in the eastern slope of the 
banded ironstone formation, at a saddle between gullies trending 
north and south, in each of which a little alluvial gold has been 
found. Here some quartz veins intersect the ironstone horizontally, 
and are gold-beariug where the ironstone bands are reached ; the 
adjacent rock or its representative ferruginous kaolin being also 
auriferous [6W1]. The shoot of gold has a direction of 225 degrees. 
A small fault of about two feet runs in a direction of 308 degrees 
across the workings. On the east side of the next ridge, and north 
of the sawpit, is a gully where some good alluvial workings have 
been ; the gold has evidently been shed from an auriferous reef in 
the ironstone ridge. The whereabouts of its source has not yet 
been found, but the writer was informed that some leaf gold has 
been found in veins at the head of this gully. 
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The table appended shoWs the vield of the reefs alluded to 
iboTe:— 

Tdde showing the Yield of the Ziegler's Find and adjacent Lodes. 






Name and No. 
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16-88 



82-06 



1-85 
300-90 

9-55 
354-68 



3-50 



670-48 

22-08 
38-70 
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The Oriental Beefs. 

On the south side of Sawpit Gully, laterite deposits cover a 
wnaiderable portion of the ridges. Between the two is Salvado's 
Gallj and its branch Morelli's Gullj, where some of the best 
burial workings in the district have been situated. No work was 
being done on them at the time of this survey. None of the 
workings seem to have been more than about 10 feet deep ; the 
bottom was, I understand, an ironstone cement. It does not seem 
^uite clear that this has been tested to a greater depth. The very 
^(mnderable amount of gold obtained here probably had its source 
in veins, reefs, and the ferruginous bands in the metamorphic 
ftuidstones and quartzites, but the present indications do not appear 
*Jeqiiate for the returns. There is a ferruginous and auriferous 
wef on the saddle at the head of Morelli's Gully that has a north 
ttd south direction along the west ridge and skirting the quartzite 
ttd underlaying west. The north end has been re-opened up by 
Mr. Ziegler. Possibly further prospecting will disclose richer 
reefs; if not, then the gold must have been disseminated through 
the ground that has been denuded in the course of time. The same 
ittay be said in regard to the northern watershed of Raggedy Gully 
idjaoent. 

Of the leases taken up along this country, the Mobrell, 
^.M.L. 666, was about one-third of a mile south of Sawpit Gully. 
In October, 1898, it was void ; subsequently in part the Trump 
Caed, G.M.L. 768. Two shafts were sunk here on the saddle at 
♦behead of Morelli's GuUy, on the above-mentioned quartz reef; 
particulars not obtainable. It was forfeited in 19tK), and 
«ib«equentlT became Teump Card, G.M.L. 804, and later on in 
part the Mobbell, G.M.L. 911. At the head of Salvado's Gully 
^ the Oriental-Norseman G.M. Company's blocks, viz.. Oriental, 
^•M.L. 69; Oriental No. 1 North, G.M.L. 70; Oriental Block, 
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G.M.L. 370; and Obibntal No. 1 Noeth Block, G.M.L. 371, 
taken up mostly in 1894, having a total of 73 acres. This company 
made an adit in G.M.L. 69, 420 feet into the ridge westerly to the 
most solid part of the banded quartzite intersecting a quartz vein 
and the ironstone lode already referred to ; the latter was driven on 
north. The end of the adit connected with a shaft at the top of the 
ridge. In G.M.L. 70, an adit 70 feet and a shaft 40 feet were 
made, and in G.M.L. 371, a shaft was sunk on a small quartz out- 
crop. These leases became void in 1897, G.M.L. 70 becoming two 
years later the Alickazander, G.M.L. 770, when another shaft and 
open cuts were made along the cap of the reef and auriferous iron- 
stone along the ridge. The lease was subsequently in part Lady 
Millar Extended, G.M.L. 876, when the ridge work;^lg8 were 
extended. About this time a quartz outcrop crossing the south 
boundary was also opened up, and, it is said, with fair results, as 
may be seen in the table of returns appended. The lease became 
an Unregistered Q.C, held by Lyons and party, who continued 
some of the previous open cuts, and obtained a little gold. Since 
my sur?ey this ground has been taken up by the Lady Mary G.M. 
Co. as the Lady Millar, G.M.L. 928, and is still in force. It 
includes the southern portion of the lode already referred to. 
South of the 876 was the Clarence, G.M.L. 75, occupying the head 
of a gully running southerly, where this line of banded formation 
divides into two lines. An adit 90 feet was driven easterly into the 
banded ironstone ridge, and a shaft sunk 40 feet. South of thia 
was the Anchor, G.M.L. 74, on which two shafts of 40 feet and 18 
feet were made, and several open cuts on small reefs. These two 
leases were subsequently in part the Oriental South Extended, 
G.M.L. 491, and becanie in part the Lady Jean, G.M.L. 748, aiid 
subsequently in part the Lady Mary Extended North, G.M.Li. 
795, when two shafts of 36 feet and 50 feet were sunk in the banded 
ironstone formation. Afterwards it became the Fersbverakcb, 
G.M.L. 866 [6023]. 

The south comer of G.M.L. 491 was subsequently part of the 
Lady Mary North Junction, G.M.L. 718, subsequently theLAi>T 
Mary Extended, G.M.L. 762. Two shafts were sunk on a reef in 
tiie amphibolite forming the valley of the north arm of the Lady 
Mary Gully. The southernmost shaft is 158 feet on an underlay 
of 35 degrees, with quartz six inches to three feet thick, and the 
other shaft about 150 feet distant north-easterly is not so deep, on 
an underlay of 45 degrees, with quartz six inches to one foot thick ; 
both have drives and stoping. The quartz has very much the 
appearance of the Lady Mary Reef. 

About a quarter of a mile east of G.M.L. 762 was the Grba.x 
Eastern, G.M.L. 448. There is an outcrop of a reef two feet wi<ie^ 
having an underlay of 20 degrees northerly. A shaft has been 
sunk and an open cut made. The country rock is a metamorphosed 
sandstone. 

South of this was the Lady Mary North Extbnded, G.M.I1». 
359, occupying both the western branch of banded formation ajxd. 
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also the next line westerly. Later the lease became part Lady 
]Ia£y North No. 1, Q.M.L. 713, and afterwards the Ladt Mast 
NoETH £zTKNDBD No. 1, G.M.L. 719 ; subsequently it became the 
Nnr North Mast, G.M.L. 763. G.M.L. 713 was subsequently 
the HosKiira, G.M.L. 793, which is the northernmost of the 
affldgamated leases of the Lady Mary G.M. Such details of the 
jield of the Oriental reefs as are obtainable are given in extenso in 
die table below : — 

TcMe showing the Yield of the Oriented Beef. 
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MB... 


Lady Jean (Sal- 




'i7-25 


... 




45-00 


Bevilaqua 


m... 


... 


52-50 






81*50 






mdo's) 748 














Ml... 


Do. 




saoo 






1-eo 




Ml... 






»-50 






.H-33 


State Battery 


»... 


Do. 


... 


50200 






289-52 




BB... 


Do. 




214-00 






54-67 






Do. 






57-00 


12-46 




State Battery 


M8^ 


Do. 


22^19 


2i*00 






8-08 




Ml„. 


Lady Millar Ex- 
tended 




Si-00 






54 70 




M4.„ 


Do. 


... 


26-50 






7-04 


= 5-80F. 




Do. 






17-00 


'2-49 




State Battery 


»*... 


Lyona on Lady 
WlJar Extended 




'ii-oo 






22-81 


= 19-71 F. 




Do. 






9-00 


1-22 




State Battery 


»W... 


"S^tlS^w.**'- 




"s-oo 






■7-20 


= 6-77 F. 


»»... 


^iM:?i=- 




177-00 




... 


86-64 




Ml... 


Do. 




55-00 






ib-eo 




M!.. 


Do. 














Ml... 


Do. 




25-00 






"9-00 






U3-70 


1175-75 


8800 


1617 


656-44 
















16-17 
















123-70 






796-81 


M *624ozs. per 


J 














ton 



The Stella Kay. 
Raggedy Gully has its source in the Lady Millar lease, after 
byin^ the south side of which it turns east, and at the foot of the 
■ttin ridge it is joined by the Little Raggedy Gully. A considerable 
^Blount of gold has been obtained from both. There are alluvial 
workings along the course of the gully for a distance of three- 
^rters of a mile easterly to the line of the easternmost ridge, where 
4e Stella Mat, G.M.L. 801, was situated. The application for 
4i8 lease was withdrawn in the early part of 1900, and the ground 
Wine subsequently Q.C. 151, held by Geo. Decker, up to February, 
1904. Here four or five shafts have been sunk, the main shaft is 
^ feet deep, also open cuts made in an altered sandstone, in which 
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some good patches of ^old hare been found. No reef or lode i» 
discemable ; the ^Id occurs in patches onlv in the sandstone. The 
lay of this sandstone is mostly 20 degrees to the north. It has a 
bluish grey tint mottled with brown ; the latter colour predominates, 
1 was told, towards the base of the deposit, which is apparently con- 
formable to and rests on the banded ironstone. 

Table showing the. Yield of the SieUa May WorJcings. 



Year. 


Name of Lease and No. ' aii„^.i 
of Lease. AUuTial. 


DoUied. 


^^^^ Ooldth«.faom. 

1 


19(X) ... 


Stella May, R.C. 6 


0X8. 

mi3 


on. 

9-00 


tons, 

5800 


0». ' 

6004 
9W 




WOi or 1190OM. 

per ton 



The Lady ICary Beef. 
The Ladt Mart Keef is a north and. south reef, except at the' 
south end ; it underlays east from 45 to 80 degrees ; it outcrops and 
has been worked for a length of 1,500 feet and followed to a depth 
of 360 feet vertically ; it ranges up to six feet thick, with an average 
of about a foot. At the south end of the north and south reef, a 
break of about 300 feet occurs, aft«r which it turns westerly, and 
here rich pockets of gold have been found (Fig. 19). The reef 
was discovered by S. W. Pearce, on 29th October, 1894, and a lease 
of 18 acres (G.M.L. 49) applied for by this prospector's mate, 
George Prout, on behalf of Geo. Brookman. 

The other leases of the Lady Mary G.M. are Ladt Mabt 
NoKTH, G.M.L. 99, Ladt Mary, G.M.L. 49, Ladt Mary South, 
G.M.L. 8G4, Lady Mary Block Claim No. 1, G.M.L. 635, Ladt 
Mary Block Claim No. 2, G.M.L. 636, all 12-acre blocks excepting 
the original one — total 78 acres. 

This reef outcrops along the western side of the leases ; the 
older workings for a length of 1 ,200 feet were worked to a varying 
depth of about 100 feet during the earlier period of its existence by 
means of five underlay shafts. These old workings were not readily 
accessible ; portions that I did see, near the small adit, showed two feet 
to four feet of quartz in the face of the »vorking8. No. I shaft is 
273 feet on the underlay, but no values were obtained below 
100 feet. The main incline shaft No. 7 is the northermost one on 
this outcrop ; it has an underlay of 49 d^^rees to the first level, and 
then about 60 degrees to 470 feet, its present depth. The reef varies 
from two inches to five feet in thickness. A horizontal chute of pay 
ore occurs in the old workings and extends as far north as the vertical 
shaft, where another chute about 500 feet in length occurs, rather 
less in width than the other, and dips to the northward. The 
430-feet level was driven along only a slight seam or formation in 
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the country rock for a considerable portion of its leugth, and the 
vet wan fouml a^in making underfoot in the line of the chut^. 
This was followed 40 feet by ^neans of a winze where the reef 
btcomea four feet wide ; the value is |oz. per ton. Adding this 500 feet 
of chnte to the previously-mentioned l,60t^ feet, makee a total of 
i,000 feet of reef that has been worked in this mine. 

The boimdarv of the banded ironstones and quart zites 
tpprt^Lehe!? the outcrop of the quartz near the main vortical shaft at 
the north end of lease 49, some very rich ort- Jjeing met with in the 
open cut. This vertical shaft No. 6 has a depth of 1 98 feet< No. 2 
level is Ijeinj^ extended southwards to tap the un worked portion 
of the reef below the No. 1 level. The quartz is ferruginous in 
places and in others is laminated, and has mostly one or other of its 
walls well defined. The undecomposed ainphilxiUte is met with at 
about 1?0 feet ; it is slightly schistose adjacent to the reef. At the 
at^uthem end of the workings the undecomposed ampliiboUte out- 
crops, and is (M)arsely crystalline at the south shaft. It altera to 
ftotinolite rork about five chains to east, with Imnds of ironstone. 
The m'mit has very little water; what thereis, though inferior for 
the pur|:»ose. is used for boiler purposes, »*;e (>36B, Table 1, for 
analysis. The following analysis also has l>een made by Mr. Simp- 
son of the srale resulting from the use of this water from the 
hiilers, which shows that the scale contain** 6d i>er cent, of 
commou ealt and 25 per cent, of calcium isulphate, 

Aitalysuf of Boiler Scale from Lady Marif G.M,, 
0.8.M, 6045, G.8.L. 1226B t— ^ 



Siliua, SiO, ... . 


'57 per cent 


Carbonic Anhydride, CO, 


■09 


Sulphuric Anhydride, SO, ... 


,., 1610 


Chlorine, CI 


... mm 


Combined Water, HjO 


2 m 


Tron and Alumina (Fe Al), 0. 


■1» 


Soda, Na.O 


,.. 33%>1 


Potash, K,0 


■18 


Magnesia. MgO 


212 


Lime, CaO 


,,, liVi'l 


Hygroscopic Water, H,0 ... 


3-4ia 




io9;i3 


LesBO = Cl 


8-99 



100-34 

CrUBhinj^ was commenced with 10 head of stamps and was 
subsequently increased to 20 head and five cyanide vats. The ore 
is free milling, the only sulphides appearing at the lower levels. 

In the treatment of the tailings and slimee, the best results are 

btained by thoroughly sun-drying the slimes and breaking up by a 

►ller by horse power, and placing thin layers alternately of the 

^ting powder and sands in the cyanide vats. Attention wa^^ 
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called to this in the State Mining Engineer's Report for 1903, p. 55. 
Water for the battery is pumped through a three and a-half inch 
pipe, a distance of one and three-quarter miles from a well and 
trench at Lake Dundas, vertical lift of about 200 feet. The work- 
ings at the north end of this mine are shown in Plate lY., which is 
from a compass survey. 

The crushings from the Lady Mary Keef are given detail in the 
table below. 

Table showing the Yield of the Lady Mary Beef. 



Name and No. of 
Lease. 




OsB. 
tJiera- 
from. 



0x8. from 
ing«.' 



Bemarks. 



1898., 

1899. 

1900. 
1896. 

1899. 

1886. 

1900. 
1901. 
1902. 
1908. 
1904. 

1904. 

1904. 
1904. 



,686 



Lady Mazy South 
Q.M. Co.,77 

Lady Mary South 
G.M. Co., 738-9 
Do. 

Lady Mary South 
GkM. Co.. 49 

Lady Maiy North, 

LadyMaiy] 
49, 99, 685, 
Do. 
Do. 
Do. 
Do. 
Do. 



Do. 

Do. 
Lady Maiy a.M. 
Co., 49, 99, 635, 
636 





80i» 






96-30 




15000 




... 


45-50 


... 


2000 
8799-50 






18-00 
4618-25 




12-00 






800 


... 


934600 




... 


8799-66 


... 


2338*00 

847-00 
789-00 
805*00 
527-00 




;.. 


1935*55 

2548*27 

1875-29 

688-61 

487*45 


... 


1066*00 


Bands. 

296-00 
slimes. 

^208*00 

sands. 

586-00 

shmes. 

1093*00 


68-67 
48*14 

188*81 
228*15 


528-85 


10244*60 


sands. 

ssroo 


206*48 


21499*78 

206*48 
271-29 


slimes. 
ia96-60 


971-29 


219l61i0< 



=r .SU- 

^er;=403«P. 
=^ 48-78 F. 

= 35-22 F. 

^ 445-21 F.; 
10-00 Silver 



= 107-35 F. 
= 174-40 P. 



The LvLCkj Call Beef. 

On the west side of Lady Mabt South, G.M.L. 864, is the 
Lucky Call, G.M.L. 856. The original holders. Slater Bros., found 
a pocket of 400ozs. of gold close up to the surface and sank a shaft 
on a quartz formation, underlaying 70 degrees south, also an open- 
cut on the outcrop of the reef, but finding nothing of value they 
sold out to Salter and Sinclair for £5, who worked for about eight 
months before they struck gold in the lode. This was on the west 
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side of the original shaft at a depth of 25 feet where the reef, 15 
inches wide, passed through an ironstone band and changing to 40 
degrees underlay, course 295 degrees, and a width of 10 inches, 
carrying very rich gold. The quartz is very dark, being mixed 
with ironstone [6016]. A ferruginous casing 6 inches thick flanked 
each side of the reef; the bottom casing also carries gold, about loz. 
to the ton. The workings are all in oxidised grounds, evidently 
amphibolite, and bands of ironstone. ^ new shaft on the west of 
the first one connects with the workings. This reef is probably a 
continuation of the Lady Mary reef, which has been deflected round 
the hard rock that forms the spur eastward from the north comer 
of this lease. Barry's Gully, which runs easterly from this lease, 
has been worked for auriferous alluvial for a length of about 16 
chains east of the road. 

The details of the crushings from this reef are given below. 
Table showing the Yield of the Lucky Call Reef. 



Tear. 



Name and No. of 



DoUied. 



Tons 
crushed. 



OZB. 

therefrom. 



Bemarks. 



OZB. 

1902 ... Lucky Call, 856 ... 18095 

1903 ... Do. ... 43105 

19W ... Do. ... [ ^^ 


9-26 
3600 
6600 


OSS. 

21810 

64*83 

200-75 


= 187-73 F. 
= 518-67 F. 


Ue609 


101*25 


483-68 
1,16609 






1,648T7< 


or 16'2Moz8. 

per ton. 



The Battler Reef. 

On the west side of the Lucky Call was La Mascotte, G.M.L. 
857. A shaft was sunk vertically, ending with a few feet of under- 
lay to the south ; total depth, about 50 feet. This was on a quartz 
leader, and it was followed by a drive south-westerly till a cross 
vein was met with. The 2l2-85ozs. of gold which was returned as 
from this ground was found subsequently to be quite unreliable, 
and the prosecution which resulted fell through only on a technical 
point. The lease subsequently became the Alphadob, G.M.L. 904. 
The shaft was being deepened at the time of my visit, with the 
expectation of picking up the continuation of the Lucky Call reef. 
On the west side of the last is the Alphadob West, G.M.L. 933. 
This lease has been applied for since the writer was on the ground. 
It is situated on the western boundary of the banded ironstone and 
quartzite. South of the Alphador, and part of the Lucky Call, is 
the Battlsb, G.M.L. 920, which occupies most of the ridge, where 
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a shaft has been sunk on the south saddle, and from which ^ was 
obtained 4*85oz8. — 408 fine — of gold by dollying, during 1904:— 

Table ehowing the Yield of the BaUler Beef. 



Year. 


Nunaof iMse. 


No. of 
laue. 


DolSid. 1 »«»*'*.• 


1904 ... 


Battler 990 


4-86 


= 4-«F. 



The following table, gives in a synoptical form, the yield of the 
different reefs alluded to above : — 

Synoptical Table ehotoi/ng the Yield of the Noreeman Beefs up to 
the end of 1904, 



Name of Beef. 


Oie treated. 


Gold 
therefrom. 


Bate 
per ton. 




tons. 


ocs. 


0Z8. 


Afpies Ventuxe 


259-60 


168-99 


-614 


Bonanza 


668-60 


1,059-44 


1-863 


Cumberland and Mt. Benson John Boll 


12,846-55 


16,346-52 


1-272 


Deairable 


5,197-60 


4,18219 


•804 


Excelsora Magna 


30-00 


7-61 


-254 


Federation 


270-00 


507-12 


1-878 


(JoldenWest 


94-60 


61-77 


•654 


Hidden Treasure 


21800 


176-94 


-811 


Kirkpatrick Beefs 


1,61600 


1,778-01 


1100 


LadvJean 


1.629-00 


2,767-76 


1-695 


Lily 


636-75 


324-54 


•501 


Lone Hand 


160O0 


16-50 


•110 


Lucky Hit 


260-00 


150-43 


-678 


Maloney 


764-26 


430-94 


•568 


Mararoa 


4,58112 


5,443-00 


1188 


Mararoa (various) 




1,216-66 




Mary Eileen 

Mt. Barker 


i6-60 


8-11 


"•491 


714-20 


354-60 


•494 


Mt. Kirk 


5-00 


-90 


•180 


Nellie May 


13600 


1,547-10 


11-460 


Northern Star 


2,111-66 


2,263-09 


1-072 


Norseman 


84,838-60 


55,528-95 


•654 


O.K.... 


262-60 


290-42 


1104 


Ophir 


840-75 


990-19 


1177 


Oversight 


43-60 


95-63 


2198 


Princess Boyal 


112,602-60 


135,048-87 


1199 


Q.C. 103 


3000 


14-11 


•470 


Record 


121-00 


136-81 


1131 


Recoupe 


32600 


533-87 


1643 


St. Patrick 


707-40 


1,675-05 


2-226 


Star of Erin 


177-60 


107-34 


•605 


Three Colonies 


407-00 


361-69 


-864 


Union 


1.343-90 


976-20 


726 


Valkyrie 


3,168-60 


3,130-85 


•988 


Venture 


608-50 


623-41 


1-226 


Virginia 


8-00 


3-94 


•496 


Wilgena 


2600 


5-30 


•204 


Yield of Beefs in the Amphibolite 








Area 


237,608« 


23M10'52 


1003 
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U^>;'^ Tabid showing the Yield of the Norseman Reefs up to 
the end of id04— continued. 





NameofBeef. Ore tz«ated. 


Gold 
tlMrefTDm. 


Bate 
pertou. 




tons. 


ozs. 


ozs. 


Bittier ... 


I 


4-86 


... 


Betaont ... 


'.'. '.'.'. '". .'.'. '24-60 


169-20 


8-694 


BonAeoord 


172-86 


189-86 


1098 




fdnjp^k... 


185-76 


128-24 


-690 




HMaiy... 


19,244-60 


21,916-60 


1139 




Itfdfiopetoim 


1,330-03 


1,13107 


-860 




iockjCril... 


101-26 


1,640-77 


16-294 




Jiizneoorte 


112-50 


183-66 


1188 




.^onemaa Rose 


1 


19-84 




r Oriental ... 


'.'.'. '.'.*. Z , 1,276-75 


796-31 


•624 


QoeenoftheWesI 


b 189<X) 


290-44 


2089 


StAlbMl'8... 


409-60 


886-60 


•819 


SteDalfay... 


68-00 


6904 


1190 


nuted Miners 


66-60 


37-20 


•569 


Wtlcome ... 


60-76 


68-61 


1129 


?Tjeel 


170-75 


122-72 


•718 


' 


Ziegler'8 Find 


16400 


731-26 


4-748 


Yield of Reefs 


in the Metamorphic 








Aiea 


sQjme^ 


lS7,7M-06 


1182 


Total Tw 


M of Beefs in both 






! 


Areas 


281,01410 


206,004*60 


1019 



General. 

In conclusion, the author would say that in the light of the 
&ct8 that have been ascertained, there is fair reason to expect satis- 
hetory returns from the field for some years to come, though the 
present heavy cost of mining tells greatly against the profitable 
working of the lower grade ores. Chutes of quartz, and of ore in 
the quartz, must be always liable to thin out both in length and 
depth, but may be expected to make again, but not necessarily in 
the same plane, hence the importance of crosscutting. The fer- 
ruginous formations in the banded quartzite and ironstone that 
accompany many of the small quartz veins may prove more generally 
profitable to o|)en up than hitherto, both within the area of the map 
and as far south as it extends in the Dundas area, and also at 
Baldania, whenever battery and transit facilities are afforded those 
parts. 
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INDEX TO NAMES OF PLiCES, MINES, BEEFS, Etc 



Page 

Absent-Minded Beggar Lease 104,105 

Admiral Togo Lease 104, ] 28 

Agnee Venture Lease 78,80,116,122,124 

Asnee Venture North Lease 79 

1^ Lease ... 87,73,122 

AlbanyLease 99 

Albany Proprietary Lease 129 

Albert Edward Lease 107,124 

Alice Lease 89,127 

AUokazander Lease 110,111,121,128 

All Nations Lease 65,56 

All Nations Extended Lease 56 

Alluvial Gold 9 

AlmaLease 104 

Alphador Lease 115 

Alphador West Lease 115 

Ampbibolite 6,19,20,81,116,119,121,126,126.130 

Amy Castles Lease 104,105 

Anchor Lease 110 

r 89, 41, 42. 58, 64, 55, 56, 57, 60, 61, 78, 74, 78, 
Angove, Inspector ] 79,80,81,82,83,87,88,89,90,91,92,95, 

( 96, 97, 99, 100, 101, 102, 105, 106, 107 

Arcadia Lease 78 

Aichsan Age 7 

AaboUte 67,123 

Athelstone Lease 89,122 

Aoraria Lease 90 

Adeline Quartz Claim 51 

Ayou Lease 86,87 

Azurite 123 



Banded Ironstone 119 

Bandit King Lease 106 

Battler Lease 115,116,117 

Bebnont Lease 31,96,117,125,129 

Bethnal Green Quartz Claim 65,66 

Biotite Schist 119 

Birthday Gift Lease 130 

Bismuth 37 

Bituminous Silt 120 

Blatchford,T 17 

Block 14 Proprietary 69 

Block 512 107 

Blae Ensign Lease 107,124 

Blue Flag Lease 79 

Bohemian Lease 80,61 

Bon Accord Lease 30, 83, 34, 97, 98, 1 17, 122, 125, 128, 129 

Bon Accord No. 1 South Lease 98 

Bon Accord South Lease 98 

Bonanza Lease 71,72,73,116 

Bonansa Block No. 1 Lease 71 
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Page 

Braeside Lease 104,106 

Break-o'-Day Lease 35 

Britannia I^ase 108 

British Norseman Lease 55 

Brocklesby Lease 78 

Broken Hill-Dundas Lease 120 

Broome Hill Lease ..." 107 

Buldania Lease 81,35 

Buldania Bell Lease 180 

Bulletin Lease 74,76 

Oachuanoa Lease ..67,124 

Caledonia Lease 103 

Caledonian Lease 80 

Canny Scotchman Lease 79 

Canton Lease 81,82 

Castlemaine Lease 51 

Catlin, Arthur 18,85,39,48,59,65,92 

Celt Lease 66 

Chewings, Dr. Charles 17,83 

Chlorite Schists 6 

Christmas Gift Lease 104 

Clarence Lease 110 

Come Again Lease 53,54 

Conglomerate 119 

Cornstalk Lease 79 

Coromandel Lease 74 

Cosmopolitan Lease , 55 

Criterion North Lease 42 

Cumberland Lease 7, 25, 29, 32, 86, 87, 8S, 116, 122. 124 

Cumberland East Lease 91,93,126 

Cumberland Extended Lease 92 

Cumberland West Lease 89 

Cumberland West Extended Lease 89 

Daisy Lease 101 

Day Dawn Lease 130 

Dead Finish Quartz Claim 74 

Desirable Lease 25,31,40,116,118,128 

Desirable Block Lease 40 

Desirable Extended Lease 40 

Desirable North Lease 42,120,128 

Desirable No. 1 Lease 38 

Desirable No. 2 Lease 39,126 

Desirable Proprietary Lease 88 

Desirable South Lease 39 

Diorites 6,19,29,30 

Discovery Reef 87 

Dolerite 7,19,29.119 

Dolomite 19,21,22,119.120,121 

Dundas Hills 10 

Dundas Reward Claim No. 1 10 



Early Dawn Lease 92 

Eastern Goldfields 7 

Eden Park Lease 95,117 

Eden Park No. 1 South Lease 95 

Eden Park South Extended Lease 96 
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Homeward Bound Lease 

Hope Lease 

Hornblende Mica Schist 
Horseshoe Lease 
Hosking Lease 
Howestake Lease 
Hypersthenite 



P»ge 
55 
90 
119 
108,105 
111 
95 
119 



lona Lease ... 
Iiis Lease 
Ironsides Lease 
Ironstone Gravel 
Italia] 



43 
68 
78 
19 
24,94,126 



Jessie Margaret Lease 
John Bull Lease 
Johnson's Beef 

Joker Lease 

Josephine Lease 



60,61 

7, 86, 86, 88, 124 

86 

82 

78 



Kadince Lease 


... ... ... 


92 


Kaolin 


.. 


... 20,120 


KaoUnite 


,. 


66 


Kingswood Lease 


.. ... ,., ... 


80 


King William Lease 




52 


Kirkham Lease 




... 127 


Kirkpatrick Consolidated Lease ... 




91 


Kirkpatrick Lease 


.. 


116 


Kirkpatrick Mt. Benaon Lease 


.. 


87,90.91 


Kirkpatrick Mt. Kirk Lease 


.. 


94 


Klondyke Lease 


.. 


73 


Kyneton Lease 
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Lady Alice Lease 




78 


Lady Argyle Lease 




78 


Lady Bella Lease 


.. 


108, 109, 129 


Lady Bella North Lease 


... ... ... 


108 


Lady BelU South Lease 




107, 108 


Lady Clara Lease 


.. 


64 


Lady Ellen Lease 


... ... ... 


68 


liady Jean Lease 


81,82,110.111 


,116,121,127 


Lady Jean North Lease 


.. ... .... ... 


81 


Lady Mary 


26.32,87,112,113 


114.117,126 


Lady Mary Block Claim No. 1 Lease 




112,123,130 


Lady Mary Block Claim No. 2 Lease 


.. 


112 


Lady Mary Deep Lead 


.. 


... 19,36 


Tiady Mary Extended Lease 


.. 


110, 111 


Lady Mary Extended North Lease 


.. 


110 


Lady Mary Extended No. 1 Lease 




111 


Lady Mary North Lease 


"112,114, 


118, 123, 128 


Lady Mary North Extended Lease 




110 


Lady Mary North Central Lease ... 




126 


Lady Mary North Junction Lease 


.. 


110 


Lady Mary NoHh No. 1 Lease ... 


.. 


111 


Lady Mary South Lease 




112, 114. 128 


Lady MilUr Lease 


*; ;;; ;:: '33, 


110,128,1^ 
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Lady Millar Extended Lease 110,111 

lady May Qtilly 120 

lake Cowan 7, 9, 18, 20> 23, 81, 32, 1 18, 120, 121, 123, 126, 126, 127 

lakeDondas 6,7,9,13,20,28 

lakeKirk 6,13,23,31 

La Mascotte Lease 100,115 

laminated Qnartzite 6 

Lut Chance Lease 60,95 

laterite 8,13,19,20,120 

Leriatiian South Lease 104 

LUly Lease 57,58,116 

Little Beatrice Lease 78 

Little Jim Lease 96,127,129 

Little Jim No. 1 North Lease 96, 129 

LitUe Pearl Lease 38,40 

Uttle Kachael Lease 78 

Linngstone Lease 57 

Lone Hand Lease 82,116 

Lone Star Lease 103 

Urd Hopetoun Lease 37, 103, 104, 106, 117 

Lord Hopetoun Extended Lease 104 

Lncindale Lease 57 

Lucky CaU Lease 26,114,115,117,128 

Lucky Hill Lease 76,124 

Lucky Hit Lease 62,116 

Lucky Shot Lease ... 93 



Haoedonia Lease 60 

Ma^esite 120 

Magnetite 14,2G 

Maloney Lease 52,53,54,116 

ilaloney South Lease 53 

Hararoa Lease 55,110 

tfararoa Battery 57 

Hararoa East Lease 56 

Mararoa Extended 56 

Mararoa Extended North Lease 55 

Mararoa South Lease 56 

Karora Junction Lease 56 

ICary Cater Lease ... 96,118 

Mary Cater Gully 22 

Hary Cater North Extended Lease 122,129 

Mary Cater South-East Extended Lease 120 

Mary Cater South Extended Lease 128 

Mary Eileen Lease 43,116 

Mawson's Beward Lease 35 

Mawson, W la 

MaybeU Lease 10,130 

McCarthy's Lease 55 

McDonough's Find Lease 107 

Metamorphic Bocks 8,19,117 

Mia Mia Lease 36,130 

Mica 6 

Miea-diorite 19 

Midas Lease 83 

Middleton Lease ^ ^\,^^ 

Mignon Lease ^^03 

Mildnra Lease ^>^ V^ 

Mildura Block Extended Lease ** ft^ 
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Mildura-Noraeman Lease ^ 37.67,128,124,126 

Mildura No. 4 Lease 95 

MineralFUt 39,58.66,119,123 

Missfire Lease 88,89 

Miss Harriet 57 

Moir, W 10 

Molybdenite 180 

Montgomery, A 18 

Montmorillonite 66 

MoonUght Lease 80,108 

Moonta-Norseman Lease 42,125,126 

Morelli's Gully 109 

Morning Star Lease 61,62 

Morrell Lease 109,111,129 

Mt. Accord 98 

Mt. Barker 76,116 

Mt. Barker Extended No. 2 North Lease 74, 76 

Mt. Barker No. 8 North Lease 74 

Mt. Barker No. 4 North Lease 74,76 

Mt. Barker No. 5 North Lease 74, 124 

Mt. Barker No. 6 North Lease 74^124 

Mt. Barker Reward Lease 76 

Mt. Barker Welcome No. 1 North Lease 75 

Mt. Benson Lease 84,85,88,122 

Mt. Benson Extended Lease 85,86,127 

Mt. Benson John Bull Lease 116 

Mt. Benson North Lease 84,125 

Mt. Benson No. 1 Extended Lease 24,87,125 

Mt. Benson No. 1 North Lease 84 

Mt. Benson No. 2 Extended Lease 90 

Mt. Benson West Lease 85,88 

Mt. Deans 10 

Mt. Gambler Lease 107 

Mt. KirkLease 94,116 

Mt. Norcott 120,121 

Mt. Bugged 129 

Mt. Woolyenyer 93 

Murray Channel Lease 75 



Narrooorte Gtilly 35,102 

Narracoorte Lease 102,103,117,129 

Nellie May Lease 76,77,116,121 

Never Despair Lease 53,64 

Never Mind Lease 60 

NewChum Lease 100,101 

New Find Quartz Claim 69 

New North Mary Lease Ill 

New Ophir Lease 70 

Newtonite ... ... ... ... ... ... ... ... ... 66 

New Year's Gift Lease 108 

New Zei^and Lease 87 

Nil Desperandum Lease 75 

NoganyerSoak 34^180 

Norite 6,7,19,24,119,121 

Norseman Lease 63,64,116 

Norseman Central Lease ... 82 

Norseman Empress Lease 94 

Norseman Gold Mines, Ltd. 68,69 

Norseman Hill ... 37 
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Page 

Norseman-Lake View Lease 120 

Xorseman No. 1 North Lease 25/62, 63, 122, 123, 125 

Norseman No. 1 North Block West Lease 62 

Norseman No. 1 South Lease 64 

Norseman No. 1 South Block Claim <« 65 

Norseman Proprietary Lease 127,128 

Norseman Reward LoEMe 64 

Norseman Rose Lease 101,117 

Norseman South Bonanza Lease 72,73 

Norseman Star North Lease 100,127 

Norseman Star South Lease ... 100,103 

Norseman West Lease 63 

Norse Queen Lease 93 

North Benson Lease 84 

Northern Ajax Lease 130 

Northern Star Lease 26,60,61,62,116,12a 

North Norcott Lease 7 

No. 1 North Norseman Lease 55 

No. 1 St. Agnes Extended Lease 71 

Obsidianites 22, 2^ 

O.K. East Lease 84 

O.K. Extended Lease 84 

O.K. Lease 84,116,123 

Old Saxon-Norseman South Lease 70 

Opaline Quartz 123 

Opawa Lease 128 

Ophir Lease 69,116 

Oriental Block Lease 109 

Oriental Lease 109,117 

Oriental No. 1 North Lease 109 

Oriental No. 1 North Block Lease 110 

Oriental South Extended Lease 110 

Oversight Lease .. 85,116 



Palseozoic Age 7 

Paiparaia-Norseman Lease 70 

Parkinson, J 17 

. Pekin Lease 81 

Perseverance Lease 110,123 

Pine West Lease - 108 

Pirie West Lease 108 

Piaolitic Kaolin 120 

PlutoNo.2NorthLea.se 129 

Porphyry 119 

Pot Luck Lease 77,78 

Pot Luck No. 1 North Lease 77 

Pot Luck Extended Lease 77 

Pride of Scotland Lease 127 

Primrose Lease 40,41 

Prince of the West Lease 49,50 

Princess Royal Lease i ^5, 27, 32, 37, 43, 44, 49, 116, 118, 121, 122, 12«, 

mncess iioyai i^ease ^ j24, 126, 127, 128 

Princess Royal Central Lease ... 44, 12:J 

Princess Royal Deep Lead 18,36,120 

Princess Royal Extended Lease 128 

Princess Royal North Lease 44, 47, 40, 126, 128 

Princess ]BU)yal North G.M. Co 40 
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Princess Royal No. 1 South Lease 123, 128 

Princess Boyal Sonth Lease 40,126 

Princess Royal South Extended Lease 30, 32, 122, 123, 125, 128 

Princess Royal South a.M. Ck> 48 

PriDoess Royal Sovereign Leaae 43 

Princess Royal Township 7,13,38 

Priscilla Lease 64 



Quartz Claim 108 116 

Quarts Porphyry - ... 6.19,25,26.27.28,124 

Queen Alexandra Lease 09,100,123 

Queen of the West Lease 7,95.96,117.129 

Queen of the West North Lease 95 

Raggedy Gully 109 

Record Lease ... 37,69.116,122 

Recoupe Lease 89,90,116 

Recovery Lease 89,90 

Red, White, and Blue Lease JOS 

Reefton Lease 101 

Rescue Lease 40,41 

Rienza Lease 43 

Rising Sun Lease 87,90,91,127 

Rising Sun No. 1 Lease 54 

Rock Analyses 119 

Royal Prince Lease 124 

Royal Standard Lease 69 

Royal Standard Norseman Lease <^9 



8t. Agnes Lease 71 

St. Agnes and Norseman Junction Lease 73 

St. Agnes Block Lease 71 

St. Agnes Gold Reefs Lease 72 

St. Agnes No. 1 North Lease «0 

St. Agnes No. 2 North Lease 79 

St. Agnes Soutii No. 1 Lease 71 

St. Alban's Lease 105,117,127 

St. Alban's No. 1 South Lease 106 

St. Alban's WestLease l^ 

St. Just Lease 71 

St. Patrick Lease 26,57,58,116,122 

St. Patrick East Lease 60 

St. Vincent Lease ^ 

SaltLakes 17,3U 

Salvado's Gully 35,109 

Sawpit Gully 108.109 

Scandinavian Lease 61,62 

Scheelite 37,59 

Selenite 20 

Silicified Wood 120 

Simpson. E.S. ... 21,118.119 

Sovereign Lease 70 

Spirit of the West Lease ^2 

Star Lease 34,103,105,121 

Star of Erin Lease 30,83,116 

Star South Lease 1^ 

Stella May Left^e .,, Ill, U2, 117,129 
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8temett,T 10 

Subsidy Leaae 40 

Sodden Norseman Lease 60,61,127 

Sanbeam Lease 31,126,127 

J^rprise Lease 78 

.jsex Lease 70 

oydney-Norseman Lease 67,122,123 

* 

l^io Lease • 129 

l^Kpeena Lease 102,103,129 

Ikamutu Lease 72 

Thames Lease 54 

Thames No. 2 Lease 54 

Three Colonies Lease 88,40,116,126,128 

Thiee Colonies Extended 41 

Three Colonies G.M, Co 89 

Three Kingdoms Lease 53,54 

Three Stare Lease 89,90 

Thule Lease 51 

Tommy AtkiDs Lease 50,51 

Ttansvaal Lease 129 

Trayertine 19,120 

Trig. Hill B 23 7 

True Blue Lease 79 

Trump Card Lease 109,111 

Try Again Lease 91,92 

Two Hilla Quartz Claim 57 

Tvo Japs Lease 103 

Two Williams Lease 53,54 

Union Lease 92,116 

Union Jack Lease 78,92,124 

United Minora' Lease 101,102,106,117 

United Scotchman Lease 69 



Vale Lease 105,129 

Vale North Lease 104 

Valkyrie Lease 25,27,37,71,72,116,122,124,126.127 

Valkyrie Consolidated Lease 72 

Valkyrie Extended Lease 71,128 

Valkyrie North Lease 71 

Valkyrie South Lease 72 

Valkyrie West Lease 71 

Venture Lease 51,116 

Victoria Norseman Lease 56 

Viking Lease 25,37,68 

Viking- Noraeman Lease 67,121 

Viking South Lease 71 

Virginia Lease 93,116 

Waipukeran Lease 87 

Water 14,16,118 

Water Analyses 118 

Waterioo Lease 127 

Welcome Lease 95,99,100,117,127,128 

Welcome Stranger Lease ...* 122,128,129 
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West All Nations Lease 
Westralia Long Tunnel 

Wheel Lease 

Wheel North Lease ... 
Whiteman Lease 
Wilgena Quartz Claim 
Windlas Gully 
Woodward, H. P. ... 
Woolyeenyer 



Yatala Lease . . . 



Ziegler*8 Find Lease 
Zimmerman Lease .. 



100,101,11 

... 93,1 

"io,15,] 
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